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This execubve summary prowdes results of  &e Colorado Department o f  Public Health and 
Enwronment (CDPHE) fisk-Based Consenratwe Screen for the Walnut Creek Pnonty 
Dramage, Operable Unit No 6 (OU6), at the Rocky Flats Enwronmental Technology Site 
(RFETS) in Golden, Colorado The Walnut Creek Pnonty Dramage contatns 20 hdwdual 
Hazardous Substances Sites (IHSSs) where waste matenals were formerly stored or deposited 
The CDPHE fisk-Based Consenratwe Screen was developed to support CDPHE's evaluaon 
of contaminant source areas The screen IS used to support the idenbficatson of low-hazard 
areas that may warrant no further evaluatron, posslble high hazard areas that may warrant 
potentral early -on, and those areas which need to be evaluated in the HHRA The results 
of the CDPHE conservatwe screen also prowde a gurdeline as to whether a feasibility study 

(FS) may be warranted Finally, the source areas idenbfied in the CDPHE screen wll be 
used to define areas o f  concern (AOCs) for eval-on in the Human Health f isk Assessment 
("RA) porhon o f  the Phase I RCRA Facility InvesbgatrodRemedral hvesbgaon 0 
Report for OU6 The RFI/RI is conducted pursuant to the U S Department of Energy (DOE) 
Enwonmental Restoraon Program, a Compliance Agreement betweem DOE, the US 
Enwronmental Protecbon Agency (EPA), and CDPHE, and the Federal Facility Agreement 
and Consent Order (Interagency Agreement) signed in 1991 

The CDPHE 

Step 1 

Step 2 

Step 3 

Step 4 

fisk-Based Conservatrve Screen includes the followng six steps 

Define potenhal chemicals of  concern (PCOCs) in soil, pond d m e n t ,  stream 
sedment, pond surface water and groundwater 

Idenbfy contaminant source areas based on dstnbubon of  PCOCs 

Calculate a nsk-based concentraon (RBC) for each PCOC in soil, pond 
sedment, stream sedment, pond surface water, and groundwater 

Calculate the rabo of the mlwmum concentratron of each PCOC to the 
correspondng RBC, sum the r a o s  for each medum and for each source area. 

(4047 8lcoo11-875) (IUSKBS) (10-28 94 11 57m) (I) ES-1 
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step 5 Apply CDPHH consenmtwe screen decision cntena to the RBC r&o sums for 
each source area 

Step 6 Define AOCs for the HHRA based on source areas 

In Step 1, PCOCs were idenbfied for soil, pond sdment, stream sedtment, pond surface 
water, and groundwater PCOCs are defined as (a) metals and radronuclides significantly 
above background levels as determined by stat~st~cal tests (Gilbert 1993) and @) organic 
target anal- that were detected above sample quanbtatron limits (SQLs) 

The chief PCOCs in soil were the rtu%onuclides plutonium-23 9,240 (Pu-239,240), amencium- 
241 (Am-241), the uranium isotopes U-233,234 and U-238, two polycyclic aromabc 
hydrocarbons (PAHs) (benm(a)pyrene and benm@)fluoranthene), methylene chlonde, and 
numerous metals (some of the metal PCOCs may be naturally occwnng even though 

stat~strcal evaluabon idenbfied them as being above background levels) The chief PCOCs 
in groundwater were chlonnated solvents such as chloroform, methylene chlonde, 
tetrachloroethene, and tnchlomethene, nitrate, the racbonuclides Am-241, Pu-23 9,240, and 
radrum-226 (Ra-226), and many metals Elevated metal concentraons in unfiltered 
groundwater are probably not due to contammaon, but rather due to high total suspended 
solids resultmg from drficulty in sampling wells wth low yields, to geochemical 
charactenstm of the groundwater, or other factors PCOCs in stream sedrment, pond 
sedment, and dry sedtment included Am-241 and Pu-239,240, PAHs, and vmous metals 
In addbon, Aroclor-1254 and bis(2-ethylhexyl)phthalate were also PCOCs in pond sedrment 
PCOCs in pond surface water were 1,2-drchlomethene, acetone, chloroform, methylene 
chlonde, tnchloroethene, and uranium isotopes 

In Step 2, concentraons of inorganic PCOCs above a background screening level (BSL, the 
mthmetrc mean plus two standard devraons of the background data) and concentrabons of 
organic PCOCs were plotted on maps, and contaminant source areas were idenbfied based 
on the drstnbutron of PCOCs Source areas were defined as areas contarning concentr*ons 
or rdoactmbes of inorganic PCOCs above the BSL or areas where organic PCOCs were 
detected above SQLs (CDPHE/EPA/DOE 1994) Eighteen source areas were idenbfied in 
OU6 The 18 source areas consist of indwdual IHSSs, wth the excepbon of IHSSs 166 1, 

I '  
II (4047-814-0021475) (RIusK.ES) (10-28 94 11 5 7 9 )  (1) ES-2 



166 2 and 166 3, which are evaluated as one source area The source areas are listed below 
MSS locatrons are shown on Figure 1-1 

IHSS 141 - Sludge Dispersal Area 

MSS 142 1 - A-1 Pond 
MSS 142 2 - A-2 Pond 
MSS 142 3 - A-3 Pond 
IHSS 142 4 - A-4 Pond 
MSS 142 5 - B-1 Pond 
IHSS 142 6 - B-2 Pond 
MSS 142 7 - B-3 Pond 
M S S  142 8 - B-4 Pond 
MSS 142 9 - B-5 Pond 
MSS 142 12 - Walnut and InQana Pond 

IHSS 156 2 - Sod Dump Area 
MSS 165 - Tnangle Area 
IHSSs 166 1, 166 2, and 166 3 - Trenches A, B, and C 
M S S  167 1 - North Area Spray Field 
Former IHSS 167 3 - South Area Spray Field 
IHSS 216 1 - East Spray Field 

IHSS 143 - Old Outfall 

OU6 field sampling for the Phase I RFVRI was performed at the MSS 1673 locatron 
delineated from an anal photograph of the landfill area dated October 5,1993 The locatron 
of MSS 167 3 was moved as a result of the fistoncal Release Report (DOE 1992), however, 
the field work was already completed Since the new l o a o n  is wthin the boundarres of 
OU7, any required new sampling wll be performed as part of the OU7 RFVRI 

In Step 3, RBCs were developed for each PCOC Chemical-specific RBCs are presented in 
the Programmatrc hsk-Based Preliminary Remedlaon Goals (DOE 1994a) The RBCs used 
in this conservatrve screen were based on a residentd scenano for exposure to soil, seQment, 
pond surface water, and groundwater 

(4047 814-0021-875) (IUSKBS) (10-28-94 11 57m) (I) ES-3 
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In Step 4, maxlmum detected concentraons or rdoactmtms of PCOCs in each medtum 
were compared to RBCs The followng r a o  was calculated for each PCOC in each source 
area 

In each source arw PCOC-specific raos  were summed to yield a ratro sum for each medtum 
(soil, pond d m e n t ,  pond s d a c e  water, or groundwater) that was sampled Rat10 sums 
above 1 indtcate that cumulatwe effects o f  PCOCs at mwmum detected concentratrons 
exceed a consewatwe nsk-based screening level and that the source area warrants further 
evaluatr on 

A summary of  the r&o sums by source area is shown in Table ES-1 

In Step 5, the followng decision cntena were used to classify the source areas 

a If the rmo sum 2 100, indlcatmg a potenad health hazard assuming long-term 
exposure to maxlmum detected concentraons, a voluntary correctwe achon 
(early -on) or a baseline "RA wll be conducted 

If 1 < r a o  sum < 100, a baseline HHRA wll  be conducted 

a If the r@o sum S 1, indtcatmg a low-hazard source area, no further actton 
may be required, pendmg eval-on of Applicable or Relevant and 
Appropnate Requrrements (ARARs) and incremental nsk from dermal 
exposure 

Candidates for No Furtbcr Action 

IHSS 216 1 (East Spray Field) is a cand~date for no M e r  a&on based on negligtble soil 
contaminahon (raho sum c 1) fisk from dermal exposure was found to be inslgnifrcant 
No groundwater is associated wth this IHSS 

(4047-814-0021 875) (TUSKHS) (10-11-94 11 57m) (I) ES-4 



The IHSSs listed below had negligble soil or d m e n t  contamindon (soil or sdment r a o  
sums were < 1) and nsk from dermal exposure was found to be insignificant Furthermore, 
the MSSs are not consldered sources o f  contammaon to groundwater because (1) soil or 

sedrment contaminant levels are so low that mkurable impacts on groundwater are unlikely, 
(2) other sources o f  groundwater contamindon are ewdent or suspected, or (3) maxlmum 
concentrdons of PCOCs in the groundwater area under evaluahon were observed at sampling 
locabons remote from the MSS Therefore, these MSSs are candrdates for no further a&on 
based on negligible soil or sdment contamindon and absence o f  MSS-related groundwater 
contaminahon Groundwater is expected to be addressed through other mechanisms, as 

indcated below 

MSS 142 9 Pond B-5 

IHSSS 166 1-3 Trenches Address groundwater in OU7 
Former MSS 167 3 South Spray Field Address groundwater in OU7 
IHSS 1424 Pond A-4 Address area 2 (North Walnut Creek 

dramage) groundwater contaminatron 
wth the other A-senes ponds being 
evaluated in the baseline HHRA 
Address area 3 (South Walnut Creek 
Dratnage) groundwater contaminatron 
wth the other B-senes ponds being 
evaluated in the baseline "RA 

Walnut and Address potenhal groundwater 
Indrana Pond contaminahon at Indrana Street wells in 

the RFYRI report 

IHSS 142 12 

Source Areas for Further Evaluation 

The followng MSSs wll  be evaluated further in the baseline HHRA because the raho sums 
for soil or sedtment exceeded 1, assuming long-term residentml exposure to maxrmum 
detected concentrabons in soil or d m e n t  at the IHSS The raao sums for groundwater also 
exceeded 1 (and in most cases exceeded loo), but these IHSSs are probably not the source 
of groundwater contaminabon Nevertheless, groundwater exposure wll  be included in the 
baseline "RA No groundwater is associated wth M S S s  156 2 and 167 1 

(4047-81-1-875) (RISKBS) (10-28-94 11 S 7 r )  (1) ES-5 
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IHSS 141 Sludge Dispersal Area 
M S S s  142 1, 142 2, and 142 3 Ponds A-1, A-2, and A-3 
IHSSs 142 5, 142 6, 142 7, and 142 8 Ponds B-1 through B-4 
IHSS 156 2 Soil Dump Area 
IHSS 165 Tnangle Area 
M S S  167 1 North Spray Field 

Transfer to OU8 

IHSS 143, the Old Outfall, is located in the industtralized porhon of the plant, remote from 
other OU6 IHSSs, which are located outside the protected area and in the buffer zone 
Because of its locatron, MSS 143 is proposed for transfer to OU8, which includes IHSSs in 

the industtralized area 

In Step 6, AOCs for OU6 were idenbfied for the "RA AOCs are defined as one or several 
source areas that can be grouped based on close prommity Four AOCs were idenbfied 
AOC No 1 consists only of IHSS 167 1 (North Spray Field) since it is spat~ally separated 
from all other source areas that require further evaluatron AOC No 2 consrsts of IHSSs 165 
(Tnangle Area), 141 (Sludge Disposal Area), and 156 2 (Soil Dump Area) These IHSSs are 
located in close prommity and contam the mqonty of the contaminated soil wthin OU6 
AOC No 3 consists of  IHSSs 142 1,  142 2, and 142 3 (Ponds A-1, A-2, and A-3) since they 
are located in close proxlmity wthin the same dranage and have the same contaminated 
medta AOC No 4 consists of M S S s  142 5,142 6,142 7, and 142 8 (Ponds B-1 through B- 
4) since they are also located in close pmumity wthin the same dramage and have the same 
contaminated m d a  

ID (4047-8l4-0@21-875) (RISKBS) (10-28 94 I1 57m) (1) ES-6 
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TABLE ES1 
ROCKY FLA'IS OU6 

SUMMARY TOTALMTlO SrmdSBY SOURCE AREA 

CarchgdcIlrtlo Nolrcucinopmk: 

IIISS 143 oldouthu sollo-12' 4 7EM1 14E-01 
G r o u n d w s t a h 6  1 8EM3 9 4EM1 
TdRatrosUm I 8EM3 9 4EMl 

s o p ~ A n 8 8  Medkr !hnP' R8th sumo' 

MSS 167 1 NOlthsprayFlCId sod 0-12' 4 9 E W  5 5E-02 

Former MSS 167 3 sadh Spny Fpeld AFce sollo-12' 11E-01 3 m-03 
Groundwsta-1 2 OEM3 7 4EM1 

2 OEM3 7 4EM1 

MSSs1661,1662 TrenchesA,B,mdC W0-12' 8 3E-01 16E61 
&I663 -Area1 2 OEM3 7 4EM1 

TocslRaboSum 2 OEM3 7 4EMl 

MSS 216 1 Eirst Spray Field sod 0-12' 3 5E-01 4 4E-02 

ms 1562 WDumph sollo-12' 16E+OO 48E-01 

IHSS 141 Sludge - sorl o-12' 3 8EW 1 om1 
GnwdwaterAna3 3 1E+O4 2 4EH1 
Total Rabo Sum 3 1E+O4 2 4EM1 

MSS 165 T n a n g k h  sod 0-12' 14EMl 1 lE-01 
GKndWam-4 12EM1 4 8E+OO 
Total Rat10 Sum 2 6EM1 4 9 E W  

MSS 142 1 A-1 pond ikdlnmt 2 8EM1 3 2E.02 
SurGawata 3 7E63 2 3E-04 
Gmudwam-2 12EM3 5 3EM1 
Total Rabo Sum 12EM3 5 3EM1 

IHSS 142 2 A-2 pond sodulmt 
Surfacewata 

12EM1 4 4E-02 
3 7E-03 2 3- 

GrouadwataArea2 12EM3 5 3EM1 
Total Rat10 Sum 12EM3 5 3EM1 

IHSS 142 3 A-3 polrd SdImuIt 
Surfrcewata 

3 2Em 3 SE-02 
3 7E-03 2 3E-04 

GlmdWam-2 12EM3 5 3EMI 
Total Rat10 Sum 12EM3 5 3EM1 

II sheet 1 d2 



TABLE ES-1 

IHSS 142 5 El pond ikdlmcnt 3 4EM2 8 oE-01 
SurfScewater 18E-02 7 8E-05 

3 1 E W  2 4EM1 GroundwdCrArca3 
Total Rat10 Sum 3 1 E W  2 SEM1 

IHSS 142 6 B-2 pond !hdlmnt 11EM2 5 om1 
SurEpceWcrter 1 8E-02 783.05 
Gmu&ataAlea3 3 1EW 2 4EM1 
Total Rat10 Sum 3 1 E W  2 4EM1 

IHSS 142 7 B-3 13EM2 1 OEW 
1-2 7-5 

OrouadwsterAlea3 3 1 E W  2 4EM1 
TotalRat~oSum 3 1 E W  2 SEMI 

IHSS 142 8 Wpoad sabmcnt 
Surfaotwster 

3 4EM1 14E-01 
1-2 7 -5 

Graudwater-3 3 1 E W  2 4E#1 
Total Rat10 Sum 3 1 E W  2 4EM1 

IHSS 142 9 E 5  pond ikdlmcnt 26E-01 2 5E-03 
Surfaotwater 1-2 78E-05 
-Area3 3 1 E W  2 4EM1 
Total Rat10 Sum 3 1 E W  2 4EM1 

IHSS 142 12 Walnut&lnAunnPond ikdlmcnt 
surhwx water 

3 1E-03 3 4E-05 - 5 om5 
Gmu&ata 6 SEN2 3 4EM1 
T d  Rabo Sum 6 5EM2 3 4EM1 

1 4EW 7 3E-01 
6 9 E W  2 3- 
2 8E-10 82E.05 
3 7E-03 3 3E-05 
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1.0 

INTRODUCTION 

The purpose of this report is to document the results of the Colorado Department of Public 
Health and Enwronment (CDPHE) hsk-Based Consewatwe Screen for Operable Unit No 6 
(OU6) at the Department of Energy (DOE) Rocky Flats Enwronmental Technology Site 
(RFETS) in Golden, Colorado OU6 is compnsed of the Walnut Creek honty Drmnage and 
contams 20 Indrwdual Hazardous Substances Sites (IHSSs) where waste matenals were 
formerly stored, released, or deposlted (Figure 1-1) Figure 1-1 shows both the current and 
histoncal IHSS boundanes wthin OU6 The histoncal IHSS boundanes were used dunng 
field sampling for the OU6 Phase I RFI/RI However, as a result of the publicatron of the 
fistoncal Release Report (DOE 1992), some of the IHSS boundanes were changed either as 
a result of new informaon to define the boundanes or error in the prewous locaon of the 
IHSS Most of the OU6 MSS boundanes drd not change significantly, however, MSS 167 3 
was moved to an entrrely drfferent locatron wthin the boundanes of OU7 Since the field 
work had already been completed, evaluatton of the new IHSS 167 3 wll be done as part of 
the OU7 RFI/RT Data collected at the former locabon o f  IHSS 167 3 is evaluated in OU6 

The CDPHE hsk-Based Consewatwe Screen was used to support CDPHE's evaluabon of 
contaminant source areas and the identrficabon of (1) low hazard areas that may warrant no 
further evaluabon, (2) possible high hazard areas that may warrant early -on, and (3) areas 
that need to be evaluated in the baseline human health nsk assessment (HHRA) porhon of 
the Phase I RCRA Facility Inv&gaon/Rem&al Inveshgabon 0 report for OU6 
The CDPHE screen also prowdes a decision point as to whether a feasibility study (FS) is 
warranted for the source area This report also includes the idenbficabon of areas of concern 
(AOCs) that wll be evaluated in the baseline "RA An AOC may be compnsed of one 
or more source areas that can be grouped based on close proxlmity In the RF'I/RI report, a 

baseline HHRA wll be conducted for each AOC 

Guidance for data aggregabon for nsk assessment and for the nsk-based consewabve screen 
was provlded in documents prepared jointly by CDPHE, US Enwronmental Prote&on 
Agency (EPA), and DOE (CDPHE/EPA/DOE 1994) The nsk-based screen drvides the 
maxlmum detected concentraons of potenbal contaminants in each source area by nsk-based 
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concentraons (RBCs) for chemicals in soil, & m a t ,  pond surface water, or groundwater 
The resultrng chemical-specific r a o s  are then summed If the sum of the r a o s  is less than 
1, the source area is a candrdate for no further m o n  If the ratro sum exceeds 1, the source 
area is subject to further evaluabon, either in a baseline HHRA or as a candidate for early 
action Therefore, the CDPHE fisk-Based Conservatwe Screen can be used to identrg no 
further -on source areas, potentral early -on source areas, and source areas that can be 
combined into AOCs for evaluatron in the baseline HHRA 

The CDPHE Rtsk-Based Conservatwe Screen does not replace the selectron of chemicals of 
concern, exposure pathway analysis, exposure assessment, tomcity assessment, nsk 
charactenzabon, and uncertcunbes analysis that are requrred in an HHRA and are used to 
support nsk management decisions The relabonship of  the "RA to the CDPHE screen is 
illustrated in Figure 1-2 

The process used to conduct the CDPHE Rtsk-Based Conservatrve Screen is illustrated in 
Figure 1-3 The steps in the screen are listed below 

Step 1 - Define Potential Chemicals of Concern (PCOCs). PCOCs are defined as 
(a) metals and radtonuclides significantly above background levels, and (b) organic 
target analytes detected above sample quantrta$on limits (SQLs) in soil, sedrment, 
surface water, or groundwater samples in OU6 The background determinabon was 
made on the basis of mstd compmson of OU6 data to background data (Gdbert 
1993) 

Step 2 - Identify Source Areas. Contaminant source areas are defined as areas 
contaming organic PCOCs above SQLs or inorganic PCOCs at concentraons or 
radtoacbrntres above the arithmetic mean plus two standard dernatrons of the 
background data 

Step 3 - Calculate Risk-Based Concentrations. RBCs were calculated for each 
PCOC RBCs are health-protectrve chemical concentr&ons in soil, sedrment, surface 
water, and groundwater They are calculated using conservatwe assumptrons 
regardmg residentral exposure, chemical tomcity, and target nsk levels The RBCs 

(I 
(4047-814-0021-175) (RISK 1) (10-21 94 12 31m) (I) 1-2 



I 
1 
1 .  
I 
I 
I 
~I 
I 
I 
I 
I 
I 
I 
~I 
; I  
' I  
I 
' I  
I 

, 

tr 

used in the CDPHE Rmk-Based Screen are presented in the Final Rocky Flats 
Programmac Rtsk-Based Preliminary Remedrabon Goals (DOE 1994a) 

Step 4 - Calculate RBC Ratio Sums for Each Source Area. The rabo of the 
maxlmum detected concentraon or (radroactrwty) to the correspondmg RBC is 
calculated for each organic PCOC and for each inorganic PCOC that occurs in the 
source area at a concentraon or radloactrwty above the background mean plus two 

standard dewmons Maxlmum detected concentraons or radroactmbes in soil are 
idenbfied from samples collected to a depth of 12 feet, which is the depth 
recommended for use by CDPHE The chemical-specific and radronuclide-specific 
rmos are then summed for each medrum, resultmg in a rabo sum for the medrum 
(soil, sedment, surface water, and groundwater) Rat10 sums for each mdum present 
in the source area are also added to yield a total r a o  sum for the source area If any 
ratro or r a o  sum exceeds 1, the source area warrants further evaluabon 

Step 5 - Apply CDPHE Risk-Based Conservative Screen Decision Criteria. The 
rabo sums determined in Step 4 are used to deagnate source areas as candrdates for 

no further actron, as candrdates for further evalmon in the "RAY or as candrdates 
for possible early m o n  For source areas wth r a o  sums less than 1, DOE may 
pursue a no further -on alternave Source areas wth rabo sums between 1 and 
100 wll be evaluated in the baseline "RA For source areas wth ratro sums above 
100, DOE may pursue a voluntary early -on alternave or evaluate the source area 
further in the baseline "RA 

Step 6 - Define AOCs for the HHRA. As stated earlier, an AOC is a source area 
or group of source areas in close proxlmity A baseline "RA wll be conducted for 
each AOC AOC delinaon is rewewed and approved by EPA The baseline HHRA 
wll assess exposure to chemicals of concern (COCs) (a subset of PCOCs) that are 
idenbfied followng EPA and CDPHE-approved procedures The selecbon of COCs 
for the HHRA is presented in Technical Memorandum No 4, Chemicals of Concern 
for OU6 (DOE 1994b) 

The followng secbons of this report descnbe the appliaon and results of each step of the 
CDPHE screen 

(4047-81~1-175) WSK 1) (10-21-94 12 3 1 ~ )  (I) 1-3 
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2.0 
IDENTIFICATION OF POTENTIAL CHEMICALS OF CONCERN 

Step 1 of the CDPHE Rwk-Based Screen is to iden@ KOCs for OU6 PCOCs are defined 
as (a) metals and r&onuclides significantly above background levels and @) organic target 
analytes detected above SQLs in surface soil, subsurface soil, or groundwater samples in 
OU6 The background determinabon was made on the basis of s t a t m t d  comparison of OU6 
data to background data (Gdbert 1993) The data sets used in the evaluabon, the background 
cornpanson process, and the idenaficatron of PCOCs for OU6 are summanzed in this sedan 

Greater detarl is prowded in the Technical Memorandum No 4, Chemicals of Concern, for 

OU6 (DOE 1994b) 

2.1 DATA USED FOR EVALUATION 

Chemical analytd data from environmental samples collected dunng the OU6 field sampling 
program and Rocky Flats site-mde Sampling programs were evaluated to charactenze 
contaminabon in OU6 The data sets used for evaluatron of suTf&ce soil, subsurface soil, 

sedments, surface water, and groundwater are descnbed below 

2.1.1 Surface Soil 

Surface soil samples were collected using the Rocky Flats Plant (RFP) soil sampling method, 
a composite method in which the top 2 inches of soil are collected Samples were collected 
from the third quarter of 1992 though the first quarter of 1993 The analytrcal parameters 
vaned among MSSs, as descnbed below 

MSS 141 (SluclgeD imersal Areq) - Forty surface soil samples were collected Samples were 
analyzed for pesticidedpolychlonnated biphenyls (PCBs), metals, nitrate, and rdonuclides 

MSS 143 (Old O u m  - Four surface soil samples were collected Samples were analyzed 
for semivolde organic compound (SVOCs), pesbcidedPCBs, metals, nitrate, total organic 
carbon (TOC), and radionuclides 

2- 1 



IHSS 156.2 (Soil DumD A rea] - Twenty-two surface soil samples were collected and analyzed 
for metals, radlonuclides, and TOC 

ss 1 65 mn&e Are@ - Fifteen surface kil samples were collected and analyzed for 
metals, rachonuclides, and TOC 

IHSS 167.1 and former 16 7.3 Morth and South SDrav F ields) - Thirty-two surface soil 
samples were collected in IHSS 167 1, and eight samples were collected in an area formerly 
idenbfied as IHSS 167 3 near the South Spray Fields Samples were analyzed for metals, 
radronuclides, and TOC 

SS 216.1 (East arav Field) - Six surface soil samples were collected and analyzed for 

metals, radlonuclides, and TOC 

2.13 Subsurface Soil 

Subsurface soil samples were collected from the fourth quarter of 1992 through the first 

quarter of 1993 Subsurface soil analyt~cal parameters and depth intervals vaned among 
IHSSs, as descnbed below 

SS 143 (Old 0- - Thirty-one soil bonngs were dnlled 2 feet into undrsturbed soil 
beneath the fill Samples were taken contmuously and cornposited for each 6-foot interval 
Samples were analyzed for volable organic compounds (VOCs), SVOCs, pesbcide/PCBs, 
metals, TOC, nitrate, and rdonuclides The thickness of the fill vanes from 0 to 10 feet 

IHSS 156.2 (So 11 DumD Area) - Twenty-two soil bonngs were dtrlled 3 feet into the 
undrsturbed soil beneath the fill Samples were taken conbnuously in these soil bonngs and 
composited for each 6-foot interval Samples were analyzed for VOCs, metals, and 
radronuclides The thickness of the fill is approxlmately 7% feet across the site 

IH SS 165 (T&e A re@ - Nine soil bonngs were dnlled 3 feet into weathered bedrock 
Two monitonng wells (76192 and 76292) were dnlled to depths of 20 and 22% feet, 
respecbvely Six-foot-deep composite samples were collected from the soil bonngs pnor to 
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the development of monitonng wells Samples were analyzed for VOCs, SVOCs, metals, and 
nuhonuchdes 

IHSSs 166.1-3 (Trent hes A. B. C) - Twenty-ax bonngs were dnlled to 5 feet below the 
bottom of each trench Eight bonngs were dnlled in Trench A, seven bonngs in Trench B, 
six bonngs in the western part of Trench C, and five bonngs in the eastern part of Trench C 
Samples were analyzed for VOCs, metals, and rad~onuclides 

MSS 167.1 and forme rMSS 1 67.3 morth and South SDW . Fielw - Twenty-three bonngs 
were dnlled in the North Spray Field Nine soil bonngs were also dnlled in an area formerly 
ident~fied as IHSS 1673 (South Spray Field) "he soil bonngs were sampled in 2-foot 
intervals to a depth of 4 feet Samples were analyzed for metals, radlonuclides, and TOC 

M m -  r i  r - Six soil bonngs were dnlled to a depth of 4 feet The 
soil bonngs were sampled in 2-foot intervals Samples were analyzed for metals, 
mhonuchdes, and TOC 

2.13 Groundwater 

Groundwater samples were collected from onsite monitonng wells on a quarterly basis under 
a plant-wde groundwater sampling program The plant-wde monttonng program included 
two monitonng wells installed dunng the OU6 Phase I inveshgatron and wells installed 
dunng other invmgabons conducted from 1991 through 1993 

Samples used for evaluabon of OU6 groundwater contaminant concentrabons were collected 
from the first quarter of 1991 through the fourth quarter of 1993 The number of groundwater 
samples collected by analyte group were 279 samples for VOC analysis, 14 samples for 
SVOC analysis, 11 samples for pestrcides/PCBs analysis, 191 filtered samples for metals 
analysis, 107 unfiltered samples for metals analysis, 172 filtered samples for radronuclides 
analysis, 138 unfiltered samples for rad~onuclides analyas, and 279 samples for analysls for 
the water quality parameter list (WQPLs) 
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2.1.4 Stream Sediments 

Fifteen sedrment samples from the stream channels o f  North and South Walnut Creeks were 
collected in May 1993 dunng the OU6 Phase I inveshgaon Two-foot composite samples 
were collected using a 2-inch-drameter core sampler wth a hand dnver The samples were 
analyzed for VOCs, SVOCs, pemcides/PCBs, metals, radronuclides, and WQPLs 

2.15 Dry Sediments 

Eighteen dry sedrment samples were callected in the floodplans of the A and B-senes ponds 
in February 1993 The samples were collected using the RFP soil sampling method The 
samples were analyzed for SVOCs, pestmdes/PCBs, metals, racbonuclides, and WQPLs 

2.1.6 Pond Sediments 

Pond sedment samples were collected dunng the fourth quarter o f  1992 as part of the site- 
wde surface water sampling program Each of  the ponds was sampled at five locaaons One 
of the samples was collected wthin 5 feet of  the inlet to each pond The second sample was 
collected from the deepest part o f  each pond The other three samples were collected at 
random locaaons wthin each pond Composite samples were collected from 2-foot intervals 
If the sedment depth was greater than 2 feet, an addtronal sample was collected from 2 to 
4 feet A total of seven samples were collected from the 2 to 4-foot interval 

Fifty-seven pond sedrment samples are included in the data set Samples were analyzed for 
VOCs, SVOCs, pestmdes/PCBs, metals, racbonuclides, and WQPLs 

2.1.7 Pond Surface Water 

Pond surface water samples were collected in the third and fourth quarters o f  1992 as part 
o f  the site-wde surface water sampling program Five surface water samples were collected 
from each of the four A-senes ponds, from each of  the five B-senes ponds, and from the 
Walnut and Indrana Pond One o f  the five samples was collected from the deepest part of 
each pond A second sample was collected wthin 5 feet of  the inlet to each pond The third 
sample was collected wthin 5 feet o f  each spillway The two remarning samples were 



collected randomly in each pond Samples were analyzed for VOCs, SVOCs, pestmded 
PCBs, metals (filtered and unfiltered samples), radronuclides (filtered and unfiltered samples), 
and WQPLs 

2.2 BACKGROUND COMPARISON FOR INORGANIC CONSTITUENTS 

Analyt~cal results for metals and radronuclides were compared to background levels denved 
from data for subsurface soil, seep/spnngs, streambeds, and groundwater reported in the 
Background Geochemical Charactenmon Report (DOE 1993) and from 18 background 
surface soil samples collected in the Rock Creek arm dunng the 1991 OU1 Phase III 
inveshgahon and the 1993 OU2 Phase II invesbgaon Metals and radronuclides whose 
concentr&ons &d not significantly exceed background levels were eliminated from further 
considerahon as PCOCs Calcium, iron, magnesium, silicon, and sodrum were also 
eliminated from the further evaluaon in the nsk-based screens because they are essenbal 
nutnents or commonplace rock-forming elements and are not considered a health nsk 

The methods used to evaluate whether a metal or radronuclide exceeded background levels 
are summanzed below Attachment 1 presents summary tables of stat~strcal results of the 
background companson for metals and rdonuclides in all medm Technical Memorandum 
No 4, Chemicals of Concern for OU6 (DOE 1994b), presents the background companson 
methodology and results in more detu1 

0 Statistical tests. Analyt~cal results for metals and radronuclides were 
compared to the background data using four stabst~cal tests the Quantde test, 
Slippage test, Student's t-test, and the Gehan test (Glbert 1993) Test 
conhtrons and treatment of non-detect values are hscussed in Technical 
Memorandum No 4 (DOE 19948, Append~x A) The analyte was considered 
to be significantly above background if  it faled any test at the pS0 OS level 

0 UTI,,,,,, comparison Andyt~cal results for each metal and radronuclide were 
compared to the 99 percent upper tolerance limit of background data calculated 
at the 99 percent confidence level mm) The mm test is an inhcator 
of possible hot spots (Glbert 1993), however, wth large sample sizes of one 
hundred to three hundred, it is to be expected that a few OU6 data points 
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would exceed the mm value Nevertheless, if any result exceeded the 
wm the analyte was idenafied as a PCOC subject to spabal and temporal 
evalumon, and assessment of the lognormal UTL 

e LognormaJ UTL,,,,, e o m p h n  The background uTL% presented in the 
Background Geochemical Charactenzabon Report (DOE 1993) were calculated 
assuming that the background data were normally drstnbuted This assumpaon 
may not be appropnate for all analytes Concentrabons of some analytes were 
wthin background range accordng to all statIstIcal tests performed, but one 
or two results exceeded the background and, therefore, the analyte 
was idenbfied as a PCOC When the dlstnbubon of the background data was 
tested, i f  a log-normal dlstnbubon was a better fit, the wm was 

recalculated based on lognormal drstnbuaon and the OU6 results were 
compared to the lognormal-based mm This stabstIcal reevalumon 
resulted in excludmg some analytes as PCOCs (these analytes are noted on 
tables in Attachment 1) 

2.2.1 Surface Soil Background Compvrrron 

Table 2-1 lists the maxlmum detected concentr&ons/actnntm and deteaon frequencies for 
metals and rdonuclides that were idenbfied as PCOCs in surface soil, based on the stat~st~cal 
background companson Background surface soil data consist of analyt~cal results from 
samples collected at 18 locabons in the Rock Creek area. The results of the stat~st~cal 
compansons to background data are summanzed xn Attachment 1 

Anbmony, chromium, cobalt, copper, lead, mercury, molybdenum, nickel, srlver, strontswn, 
vandum, and m c  were idenbfied as PCOCs in surface soil, based on the background 
companson The maxlmum lead concentrmon was 68 7 milligrams per kilogram (mglkg), 
which is below the EPA screening level of 400 mgkg for residenbal soil @PA 1994) 

Plutonium-239,240 (Pu-239,240) and amencium-24 1 (Am-24 1) were the only rdonuclide 
PCOCs identified in surface soil 
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2 3 3  Subsurface Soil Background Comparhn 

Table 2-2 lists the maxlmum detected concentrabondactmbes and the detecbon frequencies 
for metals and rdonuclides idenbfied as PCOCs in subsurface soil, based on the statrst~cal 
background companson Background data for subsurface soils were taken from the 
Background Geochemical Charactenation Report (DOE 1993) The results of the statwt~cal 
compansons of OU6 inorganic data to background data are summanzed in Attachment 1 

Barrum, chromium, lead, stronbum, vandum, and anc  were idenbfied as PCOCs in 
subsurface soil, based on the background companson The mlwmum lead concentratron o f  
85 m a g  was well below EPA's screening level o f  400 mg/kg for residenbal soil @PA 
1994) 

Pu-239,240, Am-241, and the uranium isotopes, U-233,234, U-238, and U-235 were also 
identrfied as PCOCs in subsurface soil 

2.23 Groundwater Background Comparison 

Table 2-3 lists the maxlmum detected concentraondacbvbes and detmon frequencies of 
metals and rdonuclides idenbfied as PCOCs in upper hydrostr&graphic unit (UHSU) 
groundwater, based on the Statrst~cal background companson of unfiltered samples 

Background data for UHSU groundwater were taken from the Background Geochemical 
Charactenation Report (DOE 1993) The results of the statlst~cal background compansons 
for inorganics are summand in Attachment 1 I n w o n  of the Attachment 1 tables for 
metals in unfiltered groundwater samples reveals that nearly all metals (includmg typical 
rock-forming elements such as aluminum, calcium, iron, and sodrum) were idenbfied as being 
above background levels These and other metals in groundwater are probably naturally 
occumng, wth elevated concentratrons due to local geochemical charactenstm or high total 

suspended solids in unfiltered samples collected from wells wth low yields Nevertheless 
they were retamed for evalumon in the CDPHE fisk-Based Screen 
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Nitrate is also considered to be a PCOC in groundwater because its maxlmum concentrmon 
of 1,760 milligrams per liter (msfl) is well above the background screening level (background 
mean plus two standard dernaons) of 33 mg/l 

Am-241, cesium-137 (Cs-l37), Pu-239,240, rad~um-226 (Ra-226), and stronbum-89,90 
(Sr-89,90) were detected at concenffafions e x d n g  background in groundwater 

23.4 Stream Sediment Background Comparison 

Table 2-4 lists the maxlmum detected concentratronslactrwbes, and detectton frequencies for 
metals and rdonuclides idenbfied as PCOCs in stream sdments, based on the background 
companson Stream A m e n t s  were compared to background data from streambeds reported 

in the Background Geochemical Characterrzatron Report (DOE 1993) The results of the 
stat~st~cal companson of OU6 stream d m e n t  data to background data are summanzed in 

Attachment 1 

Arsenic, banum, cobalt, manganese, strontium, vanadrum, and nnc were idenofied as PCOCs 

in stream sdments, based on the stat~st~cal background compmson Only analytes wth 
maxlmum concentraons exceedmg the background mean plus two standard dewaons appear 
on the tables in S m o n  5 0 

Am-241 and Pu-239,240 are the only radtonuclides that were also idenbfied as PCOCs in 

stream secfiment 

2.23 Dry Sediment 

Dry d m e n t s  are located wthin the floodplan of each pond but above the normal water 
level, they are saturated only dmng large storms or floodmg A statIst~cal companson to 
background data was not performed for these data Instead, inorganic PCOCs in dry sedlment 
were defined as metals or rdonuclides wth concentrmons exceedrng a background 
screening level (BSL) (the anthmetw mean plus two standard dernatrons of background data 
from surface soil) PCOCs were idenbfied separately for the A-senes ponds (North Walnut 
Creek Dramage) and the B-senes ponds (South Walnut Creek Dramage) 
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*mum concentraondactwbes of  metals and rdonyclides idenbfied as PCOCs in dry 
seQment are listed in Table 2-5 Metal PCOCs include copper, mercury, nickel, stronbum, 
and anc  in the North Walnut Creek dramage, and nickel, stronbum, and a n c  in the South 

Walnut Creek dramage Am-241 and Pu-239,240 are PCOCs in dry sedrments in both 
dramages 

Surface soil was selected for the background screening rather than stream or seep data 
because the dry sedrment and surface soil are normally dry, and because samples from both 
meda were collected from the top 2 inches of  soil, rather than a 2-foot composite, as was 

done for pond and stream seQments However, inspmon o f  the background screening levels 
shown for surface soil and stream sedrment in Table 2-5 suggest that the dry sediment 
composibon is closer to stream sedrment than surface soil 

2.2.6 Pond Sediment 

Table 2-6 lists the maxlmum detected concentraondmvbes and d e m o n  fiequencies of  
metals and rdonuclides idenbfied as PCOCs in pond secbment Background sdment data 
from seepdspnngs reported in the Background Geochemical Charactenmon Report (DOE 
1993) were used for comparrson to pond secbment data Seep/spnngs data were selected 
rather than background stream d m e n t  data for this companson because o f  the similar flow 
regime (long residence bme) in the seeps and ponds 

Anbmony, chromium, cobalt, copper, manganese, silver, vanadrum, and a n c  were idenbfied 
as PCOC metals in pond sedtment Am-241, Pu-239,240, Ra-226, Ra-228, Sr-89,90, and the 
uranium isotopes U-233,234, U-235, and U-238 were idenbfied as rdonuclide PCOCs in 

pond secfiment 

23.7 Pond Surface Water 

As shown in Attachment 1,  only U-233,234, U-235, and U-238 were idenbfied as inorganic 
PCOCs in pond surface water, based on statrst~cal companson to background data from 
seepdspnngs These isotopes are thought to be naturally occurnng (see dscussion in 
Technical Memorandum No 4, Chemicals o f  Concern, DOE 1994b) However, they are 
retamed as PCOCs for evalMon in the CDPHE consenratwe screen 

(4047-8144021 87s) (RISK 2) (10-21 94 12 Upr) (1) 2-9 



2 3  SUMMARY OF PCOCs 

Tables 2-2 through 2-6 list the inorganic PCOCs in surface soil, subsurface soil, UHSU 
groundwater, stream sedrmemts, and pond sedments, includmg maxlmum detected 
concentrabondactwbes and detecbon frequencies Organic contaminants detected in each 
medrum are considered PCOCs and are included in the nsk-based screen tables accompanying 
Secbon 5 0 

The chief PCOCs in each medrum, based on potenbal contnbubon to overall nsk, are 
idenbfied below The list does not show all of the PCOCs in each medrum but rather those 
PCOCs that have the largest contnbubon to nsk or are most ubiqurtous throughout OU6 

Summary of Chief PCOCs by Medium 

Medium Organic Compound8 Metals* Radionuclidm 
Surface Soil Anbmony P~-239,240 

Chromium Am-241 
Nickel 
Silver 
Stronbum 
Vanadrum 
Zinc 

Subsurface Soil Benzo(a)pyrene Bmum P~-239,240 
Benzo@)fluoranthene Chromium Am-241 
Methylene chlonde Strontun U-233,234 

Vanadrum U-23 8 

(4047-llC0011-t75) (RXSK 2) (10.2194 12 34pl) (I) 2-10 



Summary of Chief PCOCs by Medium (cont'd) 

Medium organic Compounds Metals* Radionuclides 
Groundwater Chloroform Nitrate P~-239,240 

Methylene chlonde Anbmony Am-241 
Tetrachloroethene Arsanic Ra-226 
Tnchloroethene BlUlum 

Beryllium 
Cadmium 
Manganese 
Molybdenum 
Nickel 
Selenium 
Silver 
Stronbum 
Van8dlUm 

Stream Sedlment Polycyclic aromabc Arsenic Am-241 
hydrocarbons BlUlum P~-239,240 

Manganese 
Stronhum 
Van8dlUm 

~~ 

Dry Sdment Polycyclic arommc Mercury Am-241 
hydrocarbons Nickel Pu-23 9,240 

Strontwn 
Zinc 

Pond Sehment Aroclor-1254 Anbmony Am-241 
Polycyclic aromatx Chromium Pu-23 9,240 

hydrocarbons Manganese 

Vanadrum 
Bis(2-ethylhexy1)phthalate Silver 

Pond Surface 1,2-Dichloroethene U-233,234 
Water Acetone U-23 5 

U-23 8 Chloroform 
Methylene chlonde 
Tnchloroethene 

* Metals in groundwater are probably naturally occumng 

(4047-tlcoOZl-t7S) (RISK 2) (10-21-94 12 34p) (1) 2-1 1 



TABLE 2 1  
ROCKY FLATS OU6 

POTENTIAL CHEMICALS OF CONCERN 
METALSANDRADIONUCLIDES 

SURFACESOIL 

Detbcaon 
M8xlmumDcaadad Flw=Y 

chermcrrl (lmamon 96 
m c W r ( m m :  - 43 6 47 
chrormum 35 1 99 
W t  20 3 100 
coppe3. 61 6 100 
Lead 687 100 

0 34 41 - 9 9  1 
Nickel 22 5 95 
SllVU 52 7 8 
stnmtlum 255 100 
V d U l l  75 9 100 
zuw: 650 100 

R8d&mdidcr@CuL): 
Amncrum-241 3 243 100 
P l ~ t 0 1 ~ ~ - 2 3 9 , 2 4 0  15 22 100 
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TABLE 2-2 
ROCKY FLATS OU6 

POTENTIAL CHEMICALS OF CONCERN 
METALSAND RADIONUCLIDES 

SUBSURFACE SOIL 

2970 
2 17 

100 
98 

Lcad 849 100 
StNmtlUm 506 100 

118 100 

Radionuclidca @ci/g): 
A ~ c I I u u ~ - ~ ~  1 
Plutonrum-23 9,240 

044 
088 

100 
100 

U-n-233,234 3 05 100 
Uraar~m-235 0 16 100 
Uranr~m-238 141 100 



TABLE 2-3 
ROCKY FLATS OU6 

POTENTIAL CHEMICALS OF CONCERN 
METALSAND RADIONUCLIDES 

UESU GROUNDWATER 

456 
0 194 

95 
16 

ArscluC 0 018 52 
Banurn 506 98 
Btrylllum 0 032 30 
rnnrmum 0 0329 26 
ChrormUm 0 58 75 
cobalt 0 228 45 

6 43 54 
Lead 0 254 73 
Llhm 0 456 93 
Manganese 6 2  94 
Mercury 0 0015 10 
Nickel 1 07 66 
SClenrUm 0 475 58 
Srlvef 304 20 
StlDIltlUm 6 %  100 
V d U m  0 754 74 
zrnc 8 83 

R8dionucbdu @CUI): 
Amerrcrum-24 1 3 2  100 
cesium-137 3 65 100 
PlutoIuum-239,240 88  100 
Mum-226 4 5  100 
Strontmm-89,90 122 100 

Sheet 1 of 1 
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TABLE26 
ROCKY FLATS OU6 

POTENTIAL CHEMICALS OF CONCERN 
METALSANDRkDIONUCLDES 

STREAM SEDIMENT 

ArscruC 
Banum 

5 8  
177 

93 
100 

cobalt 12 4 100 
Maaganese lo00 100 
Strontmm 95 8 100 
ValUdlUm 33 9 100 
zlnc 178 100 

Radlondder (pa/&: 
Amnclum-24 1 0 75 100 
P l ~ t 0 1 ~ ~ 1 ~ 2 3 9 , 2 4 0  195 100 
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TABLE 2-5 
ROCKY FLATS OU6 

POTENTIAL CHEMICALS OF CONCERN 
METALSANDRADIONUCLIDES 

DRY SEDIMENT 

M-8 (m%kg): 
copper 22 8 
Mucury 0 18 
Nickel 25 2 
Strontmm 69 7 
ZlnC 293 

< 
< 
26 4 
92 4 
286 

20 2 
0 13 
19 7 

63 
71 4 

27 4 
0 3  

18 7 
210 
220 

Ruhonudidu @CU& 
Amenam-241 044 1 29 004 1 14 
Pl~t01~~~~-239,240 444 3 1  0 09 3 76 

Sheetlofl 
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TABLE24 
ROCKY FLATS OU6 

POTENTIAL CHEMICALS OF CONCERN 
METALSANDRADIONUCLIDES 

POND SEDIMENT 

cobalt 15 5 100 
copper 125 100 - 558 100 
Srhw 345 39 
VaU%dlUIU 62 7 100 
zlac 1270 100 

Radionuclida (pcuo): 
Amcnclum-241 
PlUtonl~m-239,240 

230 53 
1174 

100 
100 

Radrum-226 1 25 100 
RAIUILI-228 2 3  100 
Stront1um-89,90 1 8  100 
Unuu~m-233,234 15 935 100 
Uratll~m-235 0 854 100 
U m m - 2 3 8  26 445 100 

Sheet 1 of 1 
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3.0 

DELINEATION OF CONTAMINANT SOURCE AREAS 

A source area is defined as an MSS or group of MSSs where concentrabons or actiwbes of 
PCOCs in soil or groundwater exceed an upper-bound a m a t e  of  the background range 
(CDPHE/EPA/DOE 1994) The upper-bound esbmate of the background range for metals and 
radionuclides is defined as the background mean plus two standard dewaons, detected 
organic compounds are considered to be above background levels 

The MSSs wthin OU6 are both physically separated and are defined by bfferent types and 
sources of contaminabon Therefore, wth the excepbon of MSSs 166 1, 166 2, and 166 3 
(Trenches A, B, and C), which were evaluated in the CDPHE screen as a single source area, 
all other MSSs were evaluated as inbwdual source areas 

Surface soil, subsurface soil, pond surface water, and pond sedrments were sampled on an 
MSS-specific basis, and these data were sorted by MSS for each source area evaluabon 

No groundwater contaminant plumes have been idenbfied unth sources in OU6, however, 
some groundwater contammaon is ewdent wthin the OU6 area, probably related to sources 
upgradient of OU6, such as the Solar Ponds (OU4), the landfill (OU7), and the Mound Area 
(OU2) Groundwater was not sampled on an IHSS-specific basis Therefore, the groundwater 
sampling locabons were bwded into six areas, correspondrng pnmatrly wth dranages (Figure 
3-1) For purposes of conductlng the CDPHE consewatwe screen, which evaluates multlple 
meha at each source area, the OU6 MSSs were assigned to one of the groundwater areas 
based on close proxlmity or co-locabon wth the groundwater sampling locatrons The 
groundwater areas and the MSSs evaluated whin that groundwater area are shown below 

(4047 8lcooll 875) @ISK 3) (10-21-94 12 Slpl) (I) 3-1 
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1 Unnamed Tnbutary 166 1,2,3 and former 167 3 
2 North Walnut Creek Pond8 A-1 - Ad 

3 South Walnut Creek 141 md PO& B-1 - B-5 
4 Upgrdcnt (between N and S Walnut Cr) 165 
5 
6 Old Outfdl 143 

Walnut and Indmna (not ahown on Fig 3-1) 142 12 (W&I Pond) 

Some IHSSs have no UHSU groundwater associated wth them and, therefore, groundwater 
is not evaluated in the CDPHE screen for these source areas These are IHSS 167 1 (North 

Spray Field), JHSS 216 1 Spray Field), and JHSS 156 2 (Soil Dump Area) 

Stream sdment and dry sedrmemt samples were not assigned to any source area in OU6 
Instead, the CDPHE consewatwe screen was performed for each of these m d a  separately 
Relatlve nsk from exposure to mulclple m d a  (e g , exposed sedtments and groundwater) was 
evaluated for each of the pond MSSs using pond d m e n t  data and the designated 
groundwater area data This is a reasonable but conservative (protectwe) approach because 
the pond d m e n t s  are more contaminated than the stream or dry sediments and, therefore, 
the CDPHE screen for pond source areas was conducted using maxlmum sedrment 
concentmbons 

In conclusion, the source areas in OU6 and the me&a evaluated in each source are 

0 IHSS 143 (Old Outfall) - soil and groundwater (area 6) 

0 JHSS 167 1 (North Spray Field) - soil 

0 Former IHSS 167 3 (South Spray Field Area) - soil and groundwater (area 1) 

0 MSSs 166 1, 166 2, and 166 3 (Trenches A, B, and C) - soil and groundwater 
(area I) 

(4M7-1lcoo11J75) (RISK 3) (10-21-94 12 Jlp.) (1) 
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e IHSS 216 1 (East Spray Field) - soil 

e IHSS 156 2 (Soil Dump Area) - soil 

e IHSS 141 (Sludge Dispersal Area) - soil and groundwater (area 3) 

e MSS 165 (Triangle Area) - soil and groundwater (area 4 ) 

e IHSSs 142 1-4 (Ponds A-1 through A-4) - surface water, pond sedlment, and 
groundwater (area 2) 

e IHSSs 142 5-9 (Ponds B-1 through B-5) - swface water, pond sedtment, and 
groundwater (area 3) 

e MSS 142 12 (walnut and Indlana Pond) - surface water, pond sedlment, and 
groundwater (area 5) 

3-3 



4.0 

CALCULATION OF RISK-BASED CONCENTRATIONS 

RBCs are chemical concdntfafions in soil, sedrment, d a c e  water, and groundwater that are 
not expected to pose a health nsk even under long-term exposure They are calculated using 
conservattve assumptrons regardmg tomcity, long-term resldentral exposures, and acceptable 
nsk The purpose of developing chemical-specific RBCs and companng them to 
concentrmons of PCOCs at each source area is (1) to pmwde preliminary screening-level 
informatron on the relattve magnitude of chemical contaminatton at source areas and (2) to 
idenbfy those PCOCs that may pose a human health nsk, assuming long-term exposure to 
maxlmum detected concentrattons This informmon can be used in the preliminary selectron 
of remedal alternaves pnor to the compl&on of the HHRA and can also idenbfy source 
areas where no further -on may be needed The screening-level informaon based on 
RBCs is not used as a subatute for a complete HHRA or as a stand-alone decision-making 
tool, nor are RBCs used as ate-specific cleanup levels 

For this nsk-based screen, RBCs were calculated assuming long-term resdentd exposure to 
soil, sedment, surface water, and groundwater At the dnectron of CDPHE, sedments were 
assumed to be exposed and equivalent to soil for purposes of this screen RBCs for 
residentd exposure to soil and sedrment are calculated assuming ingeshon, inhalatton of 
part~culates, and external r d a o n  pathways RBCs for surface water are calculated assuming 
a residentd swmming scenano and include incidental ingestron and external rdatton 
pathways RBCs for groundwater are calculated assuming ingesbon as dnnking water and 
inhalabon of VOCs released dunng domesbc use Separate RBCs are calculated for 
carcinogenic and noncarcinogenic effects of chemicals and radmbon effects of rdonuclides 
RBCs for chemical carcinogens and rdonuclides are calculated based on a 1 in 1,000,000 

(loa) target cancer nsk level RBCs for noncancer effects of chemicals are calculated based 
on a target hazard quobent of 1 (DOE 1994a) General equattons for calculatmg carcinogenic 
and noncarcinogenic RBCs are 

(4047-8144021475) (RISK 4) (I&=-94 1 w) (I) 4- 1 



Tiatget Conccr Rbk Level 
Intab Factor x Cancer Slope Factor 

catcinogtnic RBC = 

The reference doses (RfDs) and cancer slope factors (SFs) are chemical-specific EPA- 
established tomcity factors (DOE 1994b) Intake factors are an esbmabon of druly intake of 
soil, sedrment, surface water, or groundwater per kilogram body weight The exposure 
parameters and other factors used to denve the intake factors for calculabng RBCs are 
discussed in detrul below All exposure assumpbons are EPA standard default values (EPA 
1991a) Chemical-specific RBCs for PCOCs are shown in the tables accompanying S m o n  
5 0  

4.1 RESIDENTIAL EXPOSURE TO SOIL AND SEDIMENT 

RBCs for residential exposure to chemicals in soil or d m e n t  were calculated assuming 
ingeaon, inhalaon of parhculates, and external radraon as the exposure routes To 
calculate RBCs for carcinogenic effects of chemicals, the target excess lifebme cancer nsk 
is assumed to be lo4 (1 in l,OOO,OOO), the exposure frequency is 350 days&ear, exposure 
durabon is 30 years, averagmg bme is 70 years, the b l y  inhalabon rate for arrborne 
parhculates is 20 m3/day, the soil partwulate emisslon factor (for nonvolatde organics and 
inorganics) is 4 63 x lo9 m’kg soil, and the age-djusted soil ingmon factor is 114 mg- 

y rkg-day 

To calculate RBCs for noncarcinogens in soil, the exposure parameters are the same as those 
for carcinogenic effects except the averagmg bme is 30 years and the target hazard index of 
1 replaces the target excess cancer nsk 

All exposure parameters are EPA standard default exposure assumpbons for adult residents, 
except for the soil ingestron rate, which is a bme-weighted average for child and adult 
exposures The soil ingemon intake factor takes into account the ingmon of 200 mg/day 

(4047-114-0021475) (RISK 4) (1&28-94 I-) (I) 4-2 



of soil by children ages 0-6, the standard default body weight for children of 15 kg, the adult 
ingeshon rate of 100 mg/day dmng the remarning 24 years of  the 30-year exposure durabon, 
and the default adult body weight of 70 kg 

RBCs for rdonuclides are calculated using the same intake parameters as the exposure to 
chemicals wth the followng excepbons body weight is not included in the equahon, the 
age-adjusted soil ingestron factor is 3,600 mg-yr/day, and a gamma shieldmg factor of 0 2 and 
a gamma exposure factor of 1 are included in the equaon for external r d a o n  exposure 

4.2 RESIDENTIAL EXPOSURE TO POND SURFACE WATER 

RBCs for residenbal exposure to chemicals in pond surface water were calculated assuming 
incidental ingesbon of water dunng mmming To calculate RBCs for carcinogens, the target 
excess Iifdme cancer nsk is lod, body weight is 70 kg, averaging bme is 70 years, exposure 
frequency is 7 days&ear, exposure duraon is 30 years, exposure bme is 2 6 hodday, and 
the contact rate (ingestron rate) is 005 llhour To calculate RBCs for noncarcinogenic 
effects, all of the exposure parameters are the same except the averaging bme is 30 years and 
the target hazard index of  1 replaces the target excess lifmme cancer nsk 

RBCs for rdonuclides in pond surface water are calculated using the same target cancer nsk, 
exposure frequency, exposure duraon, exposure bme, and contact rate used in calculabng 
RBCs for chemical carcinogens All exposure parameters are EPA standard default exposure 
assumpbons for adult residents 

43 RESIDENTIAL EXPOSURE TO GROUNDWATER 

RBCs for residenbal exposure to chemicals in groundwater were calculated assuming 
ing-on of  groundwater as dnnking water and inhalabon of  VOCs released dunng domesbc 
use To calculate RBCs for carcinogens, the target excess lifame cancer nsk is lo4, body 
weight is 70 kg, averagmg bme is 70 years, exposure frequency is 350 daydyeat, exposure 
durabon is 30 years, dady indoor inhalabon rate is 15 m3/day, the volatdizahon factor for 
VOCs is 0 5  Urn3, and the h l y  ingeshon rate is 2 l/day To calculate RBCs for 
noncarcinogenic effects, all of the exposure parameters are the same except the averaging 

(4047-8Icoo21J7S) (RISK 4) (1&22(-94 l-) (1) 
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bme is 30 years and the target hazard index of 1 replaces the target excess lifmme cancer 
nsk 

RBCs for rdonuclides in groundwater are &Mated using the same target cancer nsk, 
exposure frequency, exposure durahon, and b l y  water ingmon rate used in calculatmg 
RBCs for chemical carcinogens All exposure parameters are EPA standard default exposure 
assumpbons for adult residents 
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5.0 
RISK-BASED SCREENING EVALUATION FOR SOURCE AREAS 

5.1 RISK-BASED SCREENING PROCESS 

The first step in the nslr-based screen is to idsntrfy, in each source area, the maxlmum 
concenfeabon of each inorganic PCOC detected above a BSL in soil, sexhrnent, pond surface 
water, and groundwater and the maxlmum detected mncentr@on of  each organic PCOC in 

each medmm The BSL is equivalent to the background mean plus two standard dewaons, 
BSLs for each medrum are listed in Attachment 2 The mmumum concentraon of the PCOC 
is dtwded by the chemical-specific RBC for resrdentd exposure to yield an RBC r a o ,  as 
shown in the followng equaon 

The chemical-specific ratios in that source area and medrum are then summed to prowde a 
rabo sum for the medrum If a receptor is assumed to be exposed to more than one mdum 
in a source area (for example, hypothetwal resldants are assumed to be exposed to both soil 
and groundwater), the r a o  sums for all relevant mtxha are combined to prowde a total r a o  
sum for that source area The residential scenano assumes that excavaon has taken place 
pnor to residenttal development and the resldent may be exposed to soil to a depth of 12 feet 
Therefore, maxlmum concentraons of PCOCs in soil were idenhfied from samples collected 
to a depth of 12 feet 

The total r a o  sums for cancer or noncancer effects are an incficaon of potenhal nsks to 
receptors, assuming long-term exposure to maxlmum detected concentraoons of PCOCs For 
carcinogens, a total r a o  sum of less than 1 indrcates a total excess lifetime cancer nsk of 
less than lo4 (1 in I,OOO,OOO) from long-term exposure to the maxtmum concentraons of 
PCOCs in that source area. A total r a o  sum for carcinogens that is greater than 1 but less 
than 100 indcates a total excess lifetime cancer nsk between 10" and lo4 (1 in 10,000), 

which is the target cancer nsk range that EPA has adopted to guide remedial decisions at 



hazardous waste sites (40 CFR 300) Where cancer nsks emmated in a baseline HHRA do 
not exceed lo4, remdaon is not generally warranted unless noncarcinogenic effects or 

ecolopcal nsks are significant (EPA 1991 b) A total rat10 sum for carcinogens that is greater 
than 100 indrcates a potentmlly unacceptabie cancer nsk from long-term exposure to 
maxlmum detected concentrwons For noncarcinogens, a rmo or rwo sum less than or equal 
to 1 indcates that no tomc effects are expected A noncarcinogenic total ratro greater than 
1 indcates a possible cause for concern for noncarcinogenic effects 

This nsk-based screen is conservave because it is based on the assumpaon that a long-term 
resident wll be routmely exposed to the maxlmum concentrmons of contaminants found in 

soil, sedrment, pond surface water, and groundwater Therefore, the screen does not confirm 
that an actual nsk exlsts Raho sums greater than 1 indrcate that the area warrants further 
evaluahon, but the ratros do not indrcate that an actual h d t h  threat is present 

If either the carcinogenic or noncarcinogenic total r a o  sum is greater than 100, that source 
area may be idenhfied by DOE as a canddate for early -on Source areas wth rmo sums 
greater than 100, as well as those wth rmo sums betweem 1 and 100, wll be evaluated 
further in the baseline "RA for OU6 If both the carcinogenic and noncarcinogenic total 
ratro sums are less than 1, the source area is a canddate for no further acaon based on human 
health nsk In these cases, the incremental nsk from dermal exposure is evaluated to confirm 
that the total rabo sums, includrng dermal exposure, are st111 less than 1 

For some source areas ("SSs) in OU6, a r a o  sum above 1 is due solely to groundwater 
contaminants attnbuted to known or suspected sources outsrde of OU6 or to PCOCs in 
groundwater observed at sampling locmons remote from the MSS (1 e ,  the groundwater 
PCOCs are not associated wth the MSS) and where there is no ewdence of migration of 
contaminabon to the MSS At these IHsSs, soil or sedrmemt contammaon is minimal, and 
the MSSs are considered candrdates for no further -on for soils or sedment The 
groundwater contaminabon is proposed to be addressed in other OUs or wth other OU6 
source areas to be evaluated in the "RA This condrbon applies to former IHSS 167 3 
(South Spray Field area), MSSs 166 1-3 (Trenches), and IHSSs 142 4,142 9, and 142 12 (A-4 
Pond, B-5 Pond, and the Walnut and Indmna Pond) More deb1 is provrded in the MSS- 
specific sectrons that follow 
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5.2 RATIO SUMS FOR SOURCE AREAS 

Table 5-1 presents a summary of the rabo sums by medrum and the total raao sum (sum of 
medum-specific raos) for each source area in OU6 A bnef summary of the results is 
presented here More detcul is prowded in the IHSS-specific semons that follow 

The followng IHSSs had ratro sums below 1 for soil or sedment 

M S S  216 1 
Former IHSS 167 3 
MSSs 166 1,2,3 Trenches 
MSS 1424 A-4 Pond 
M S S  1429 B-5 Pond 
M S S  142 12 

East Spray Field 
South Spray Field Area 

Walnut & Indrana Pond 

However, for all the above MSSs except MSS 216 1, which has no associated groundwater, 
the groundwater ra$o sums exceeded 1 As stated prewously and detaded in the appropnate 
secaons below, these IHSSs are not thought to be a source of groundwater contaminahon and 
may be canQdates for no further acbon for soils or sedrments 

The followng MSSs had r a o  sums that exceeded 1 for soil or sediment, rabo sums for 

groundwater, when present, also exceeded 1 

IHSS 167 1 
MSS 1562 Soil Dump Area 
IHSS 141 Sludge Dispersal Area 

IHSS 165 Tnangle Area 
MSSs 142 1,2,3 
M S S  142 5,6,7,8 
IHSS 143 Old Outfall 

North Spray Field 

Ponds A-1, A-2, A-3 
Ponds B-1, B-2, B-3, B-4 

These MSSs wll be evaluated further in a baseline HHRA or, in the case of IHSS 143, 
further assessed in OU8, which includes industrialized porhons of RFETS 
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5.2.1 IHSS 143 (Old Outfall) 

In soil 0 to 12 feet at MSS 143,32 PCOCs were detected above BSL The carcinogenic and 
noncarcinogenic r a o  sums for soil based on r&idential exposure are 4 7EM1 and 1 4E-01, 
respectively (Table 5-2) Benm(a)anthraceme (1 8 mgkg), benzo(a)pyrene (2 3 mgkg), 
benzo(b)fluoranthene (3 2 mgkg), &benm(ah)anthracune (0 2 mgkg), and indeno(1,2,3- 
cd)pyrene (0 92 mgkg) found in the top 2 inches of soil are the greatest contnbutors to the 
rabo sum These analytes are not related to histonc wastewater releases at the Old Outfall 
which is located approxlmately 10 feet below ground surface The analytes are most likely 
due to vehicle emission deposits on surface soil or they were present in the fill brought in to 
fill and grade the area 

In groundwater, 25 PCOCs were identified above the BSL Only one well (77492), is located 
at this source area Both the carcinogenic ratio sum (1 8Ei-03) and the noncarcinogenic ratio 
sum (9 4Ei-01) exceed 1 (Table 5-3), assuming long-term resldentral exposure to maxlmum 
detected concentraons 1,l-Dichloroethene (0 0002 md) ,  carbon tetrachlonde (0 008 mgll), 
chloroform (0 003 md) ,  bis(2-ethylhexy1)phthalate (0 008 m a ) ,  arsenic (0 016 md) ,  and 
beryllium (0027 m d )  are the major contnbutors to the carcinogenic r a o  sum for 
groundwater Arsenic, manganese (5 mgA), vanadrum (0 36 mgA), and m c  (671 mgA) are 
the major contnbutors to the noncarcinogenic r a o  sum for groundwater 

The total carcinogenic and noncarcinogenic r d o  sums for the residential scenano are the 
sums of the r a o s  for soil and groundwater At IHSS 143, the carcinogenic total r a o  sum 
for the hypothetical resident is 1 8EM3 and the noncarcinogenic total ratio sum is 9 4EM1, 
as shown on the summary Table 5-1 

533 MSS 167.1 (Nortb Spray Field Area) 

At MSS 167 1,13 PCOCs were detected above the BSL in soil to 12 feet The carcinogenic 
raao sum for soil is 4 9E+O and the noncarcinogenic r a o  sum is 5 5E-02 (Table 5-4) 
Uranium-238 (131 pCi/g) is the man contnbutor to the carcinogenic ratro sum in soil IHSS 
167 1 is outside of any of the six groundwater areas since the wells nearby are dry, and 
therefore there is no groundwater exposure or ratio sum associated wth this MSS 
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d 533 IHSSs 166.1,1663,1663 (Trenches A, B, rrrd C) 

At M S S  166,15 PCOCs were detected above the BSL in soil to 12 feet The carcinogenic 
and noncarcinogenic rabo sums for soil based on a residenbal exposure are 8 3E-01 and 
1 6E-01, respecbvely (Table 5-5) IHSS 166 is located in groundwater area 1 (Table 5-6) 
The carcinogenic r a o  based on residenaal exposure to groundwater is 20EM3 and the 
noncarcinogenic ratio sum is 74EMl (Table 5-6) Benzene (0002 mgA), carbon 
tetrachlonde (0008 mgA), chloroform (0008 md), methylene chlonde (0032 md), 
tetrachloroethene (0 013 mgh), tnchloroethene (0 15 mg/l), arsenic (0 01 mg/l), and beryllium 
(0032 mgA) are the m a n  contributors to the carcinogenic r a o  sum in groundwater, and 
nearly all of the PCOC metals contnbute srgnificantly to the noncarcinogenic rabo sum 

The total r&o sums for the residenaal scenano are the sums of the rabos for soil and 
groundwater At IHSS 166, the carcinogenic total ratio (2 OE4-03) for the hypothebcal 
resident exposed to soil and groundwater is greater than 100 and the noncarcinogenic total 

rabo (7 4EM1) is greater than 1, both are equvalent to the raao sums for groundwater 
because the r a o  sum for soil does not contnbute significantly to the total (see summary 
Table 5-1) 

The trenches are not a likely source of groundwater contaminahon in area 1 The metals 
detected in unfiltered groundwater samples are probably naturally occwnng and may be 
associated wth elevated total suspended solids (TSS) in the groundwater samples Elevated 
levels of TSS can occur when there is insufficient groundwater at the monitonng well to 
permit adequate development pnor to sampling 

The trenches also do not appear to be the source of organic contaminants in groundwater area 
1 because the low concentrabons of most chlonnated solvents detected in soil (0 02 mgkg 

or less) are unlikely to have measurable effects on groundwater Furthermore, the soil 
samples exhibitmg chlonnated solvent contaminahon were collected below the water table 
in bonngs in Trench A, suggesbng groundwater as the source of contaminants in those 
samples, and more probable sources of groundwater contamination, such as the landfill, are 
nearby More detd is prowded in the followng paragraphs 
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Tnchloroethene (TCE) was detected at concenmons rangmg from 0006 m a g  to 
0 021 mgkg in four boreholes dnlled in MSS 166 1, in samples collected at depths ranging 
from about 7 to 12 feet below ground surf" (Figure AT3-1) TCE was detected dunng the 
penod from March 1991 to October 1993 at two wells located in MSS 166 1 at 
concentraons rangmg from 0 01 6 mgA to 0 150 mg/l These observatrons, which indrcate 
higher concentraons of TCE in groundwater than subsurface soils, suggest that the soil is 
not a likely source of contamini&on to groundwater Several other VOCs (l,l ,l- 
tnchloroethane, 1,l -& chloroethane, 1,2-&chloroethene, carbon tetrachlonde, chloroform, and 
tetrachloroethene) were detected at low concenmons (the highest was tetrachloroethene at 
0 013 m@) in groundwater from wells 7287 and B206489, but these chemicals were not 

detected in subsurface soils in Trench A boreholes, this is addrbonal ewdence that soils in 
the trench are not the source of groundwater contammaon 

Furthermore, water level measurements show that the depth to groundwater ranged from 3 
to 9 feet at Well 7287 and from 1 to 8 feet at Well B206489 dunng the penod from 1988 to 
1993 These measurements indrcate that the soil samples in which TCE was detected were 
collected from intervals that are typically saturated by groundwater Thus, the groundwater 
in the vlcinity of Trench A may act as a contaminant source to subsurface soils in the area 

5.2.4 Former IHSS 1673 (South Spray Field Area) 

At former IHSS 1673, nine FVOCs were detected above the BSL in soil to 12 feet The 
carcinogenic rabo sum for soil based on residenbal exposure is 11E-01 and the 
noncarcinogenic r&o sum is 3 8E-03 (Table 5-7) 

In samples collected in groundwater area 1, 36 PCOCs were detected above the BSL 19 
metals, nitrate, low concentraons of several chlonnated hydrocarbons and other VOCs Most 

maxrmum concentratrons were detected in samples from well 7287 and adjacent well 
B206489 that are located west of  former MSS 167 3 in MSS 166 1 (Trench A) The 
carcinogenic rabo based on residenhal exposure to mmmum detected concentraons of 
PCOCs in groundwater area 1 is 2 OEM3 and the noncarcinogenic rao is 7 4EM1 (Table 
5-6) The major chemical mntnbutors to the r a o  sums for groundwater are listed above in 
Seaon 5 2 3 

5-6 



The total rmo sums for the residentral scenmo are the sums of the ratros for soil and 
groundwater At former LWSS 167 3, the carcinogenic total rabo sum (2 OEW3) for the 
hypothettcal resident exposed to soil and groundwater is greater than 100 and the 
noncarcinogenic total rat10 sum (7 4E+01) is sfeatot than 1, both are equivalent to the ratro 
sums for groundwater because the r-o sum for soil does not contnbute significantly to the 
total (see summary Table 5-1) 

Former IHSS 167 3 is not considered a source of contamination to groundwater in area 1 for 
similar reasons as descnbed above for MSS 166 The only organic PCOCs detected in soil 
in this area were methylene chlonde, 2-butanone, and toluene (Figure AT3-3) These 
compounds may be laboratory or field contaminants rather than enwronmentd contaminants 
With the excepbon of methylene chlonde, none of the chlonnated solvents or fuel-related 
conmtuents such as benzene that were detected in groundwater were found in soil, there is 
little match between the PCOCs in soil at former IHSS 167 3 and groundwater area 1 (Figure 
AT3-2 and Figure AT3-4) Therefore, it is unlikely that soil at former MSS 167 3 is a source 
of groundwater contaminwon 

53.5 IHSS 216.1 (E& Spray Field) 

At IHSS 216 1,9 PCOCs were detected above the BSL in soil to 12 feet The carcinogenic 
and noncarcinogenic rmo sums are 3 5E-01 and 4 4E-02, respectwely (Table 5-8) IHSS 
216 1 is outsde of any of the groundwater areas so groundwater is not evaluated for this 
source area 

5.2.6 IHSS 156.2 (Soil Dump Area) 

At MSS 156 2,20 PCOCs were detected above the BSL in soil to 12 feet The carcinogenic 
rabo sum is 1 6E+O and the noncarcinogenic rabo sum is 4 8E-01 (Table 5-9) The man 
contnbutors to the carcmogentc r&o sum are the rdonuclides Am-241, Pu-239,240, and 
U-235 IHSS 1562 is outmde of any of the groundwater areas, so groundwater is not 
evaluated for this source area 
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At MSS 141, 14 PCOCs were detected above the BSL in soil to 12 feet The carcinogenic 
rabo sum for soil based on residenbal exposure is 3 8Ei-0 and the noncarcinogenic rabo sum 
is 1 OE-01 (Table 5-10) Pu-239,240, found in the top 2 inches of soil, is the greatest 
contnbutor to the rabo sum In groundwater area 3, 25 PCOCs were idenbfied above the 
BSL (mostly trace concentraons of chlonnated hydrocarbons) Both the carcinogenic rabo 
sum for groundwater (3 1EM) and the noncarcinogenic rat10 sum (2 4E+01) exceed 1 (Table 
5-11) based on long-term residenbal exposure to maxlmum detected concentrabons 1,l- 
Dichloroethene (0 005 mgh), 1,2-drchloroethane (0 002 mgh), benzene (0 0009 md), 
methylene chlonde (0 014 mgA), tetrachloroethene (0 002 mgA), tnchloroethene (0 006 m d ) ,  
and wnyl chlonde (086 mgh) are the major contnbutors to the carcinogenic rabo sum, 
manganese is the major contnbutor to the noncarcinogenic r a o  sum in groundwater Most 
maxlmum concentraons were observed in samples collected at well 3586, which is located 
upgrdent of M S S  141 (Sludge Dispersal Area) and about 700 feet upgradrent of the B-senes 
ponds The source of contammaon in well 3586 has been under invmgation and is not 
related to MSSs in OU6 In addrbon, PCOCs in soil at IHSS 141 do not match the PCOCs 
in area 3 groundwater Therefore, MSS 141 is not considered a source of  groundwater 
contaminabon 

5.2.7 MSS 141 (Sludge D i s p e d  Area) 

The total carcinogenic and noncarcinogenic ratio sums for the residential scenano are the 
sums of the rabos for soil and groundwater At MSS 141, the carcinogenic total r&o sum 
(3 1Ei-04) for the hypothetrcal resident is greater than 1 0 0  and the noncarcinogenic total ratio 
sum (2 4Ei-01) is greater than 1, both are equrvalent to the r&o sums for groundwater 
because the rabo sum for soil does not contnbute significantly to the total (see summary 
Table 5-1) However, the carcinogenic rabo sum for soil, assuming residenbal exposure, also 

exceeds 1 

5.2.8 MSS 165 (Triangle Arm) 

At IHSS 165,32 PCOCs were detected above the BSL in soil to 12 feet The carcinogenic 
rabo sum for soil based on residentml exposure is 1 4Ei-01 and the noncarcinogenic rabo sum 
is 1 1E-01 (Table 5-12) Am-241 (3 24 pCi/g), Pu-239,240 (15 22 pCi/g), and Aroclor-1254 
(0 425 m a g )  found in the top 2 inches of soil and benzo(a)pyrene (0 13 mgkg in the 0- to 
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6-foot interval) are the greatest contnbutors to the carcinogenic rabo sum In groundwater 
area 4,16 PCOCs were idenbfied above the BSL Both the carcinogenic rabo sum (1 2E+O1) 
and the noncarcinogenic rabo sum (4 8EM) exceed 1 (Table 5-13), based on long-term 
residenbal exposure to maxrmum detected concentraslons Benzene (0003 mgA), 
tetrachloroethene (0 003 md), and tnchloroethene (0 004 m d )  are the major contnbutors to 
the carcinogenic rmo sum for groundwater Manganese (0 53 mgA) and nitrate (95 rnd) are 
the major contnbutors to the noncarcinogenic r a o  sum in groundwater 

The total carcinogenic and noncarcinogenic rabo sums for the resldenbal scenano are the 
sums of the rmos for soil and groundwater At IHSS 165, the carcinogenic and 
noncarcinogenic total r&o sums for the hypothetd resident are 2 6Ei-01 for carcinogens and 
4 9EM for noncarcinogens, as shown on the summary Table 5-1) 

53.9 MSS 142.1 (A-1 Pond) 

At IHSS 142 1,  26 PCOCs were detected above the BSL in pond sehments The 
carcinogenic rabo sum based on long-term remdenbal exposure to exposed pond sedlment is 
2 8EM1 and the noncarcinogenic r a o  sum is 3 2E-02 (Table 5-14) Benzo(a)pyrene (0 31 
mgkg), Aroclor-1254 (0 59 mgfltg), Am-241(13 23 pCi/g), and Pu-239,240 (36 2 pCi/g) are 
the m a n  contnbutors to the carcinogenic ratto sum in pond sediments 

In pond swface water, 5 PCOCs were detected above the BSL Table 5-15 shows maxlmum 
concentratrons of all PCOCs detected in surface water in the A-senes ponds The 
carcinogenic and noncarcinogenic rwo sums for exposure to surface water, based on a 

residentral swmming scenano, were both less than 1 OE-02 (Table 5-15) 

Groundwater area 2 (North Walnut Creek Drarnage) is associated wth the A-senes ponds 
Forty-two PCOCs were detected above the BSL in groundwater samples collected in the 
North Walnut Creek Drarnage The carcinogenic and noncarcinogenic rabo sums for 

groundwater, based on residenbal exposure are 1 2EM3 and 5 3EM1, respectwely (Table 5- 

16) Benzene (0 002 mg/l), tetrachloroethene (0 002 mgA), arsenic (0 018 mg/l), beryllium 
(0 015 mg/l), Am-241 (1 09 pCiA), cesium-137 (4 5 pCiA), Pu-239,240 (3 65 pCiA), and 
rad~um-226 (0 72 pCiA) are the m a n  contnbutors to the carcinogenic r d o  sum A large 

I 
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number of metals and nitrate are the man contnbutors to the noncarcinogenic raao sum in 

groundwater 

The total carcinogenic and noncarcinogenic ratto sums for the residentral scenario are the 
sums of the ratzos for pond sedtment, pond swface water, and groundwater At MSS 142 1, 
the carcinogenic total ratzo (1 2E4-03) is greater than 100 and the noncarcinogenic total ratzo 
(5 3EM1) is greater than 1 (see summary Table 5-1) Both total ratzo sums are equivalent 
to the groundwater rabo sums, because ratto sums for other medm do not contnbute 
significantly to the total However, the carcinogenic rabo sum for sedtments assuming 
residenttal exposure also exceeds 1 

5.2.10 IHSS 142.2 (A02 Pond) 

At IHSS 1422, 19 PCOCs were detected above the BSL in pond sedtments The 
carcinogenic ratio sum, based on long-term residenttal exposure to exposed pond sdment, 
is 1 2EM1 and the noncarcinogenic ratto sum IS 4 4E-02 Fable 5-17) Aldnn (0 054 mg/kg), 

Aroclor-1254 (0 59 mgkg), and Pu-239,240 (5 65 pCdg) are the man contnbutors to the 
carcinogenic r a o  sum in pond d m e n t s  As d~scussed in Section 5 2 9, the carcmogenic 
and noncarcinogenic ratzo sums for exposure to surface water in the A-senes ponds, based 
on a residentral swmming scenano, were both less than 1 OE-02 (Table 5-15) 

Groundwater area 2 (North Walnut Creek Dranage) is associated wth the A-senes ponds 
As drscussed above in Section 5 2 9, the carcinogenic and noncarcinogenic ratio sums for 
groundwater, based on residential exposure, are 1 2E4-03 and 5 3E4-01, respectwely (Table 
5-16) 

The total carcinogenic and noncarcinogenic r a o  sums for the residential scenano are the 
sums of the ratios for pond d m e n t ,  pond surface water, and groundwater At IHSS 142 2, 
the carcinogenic total rabo (1 2E4-03) is greater than 100 and the noncarcinogenic total ratzo 
(5 3E4-01) is greater than 1 (see summary Table 5-1) Both total ratzo sums are eqwvalent 
to the rabo sums for groundwater because the ratto sums for other m d a  do not contnbute 
significantly to the total However, the carcinogenic ratto sum for sedrment, assuming 
residential exposure, also exceeds 1 
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5.2.11 IHSS 1423 (A-3 Pond) 

At M S S  1423, 15 PCOCs were detected above the BSL in pond sedrments The 
carcinogenic rabo sum based on long-term residenbal exposure to exposed pond sdment is 
3 2 and the noncarcinogenic rabo sum is 3 5E-02 (Table 5-18) Benzo(a)pyrene (0 24 m a g )  

is the man contributor to the carcinogenic rmo sum in pond sedrments The carcinogenic and 
noncarcinogenic rabo sums for exposure to surface water in the A-senes ponds, based on a 

residentml swmming scenmo, were both less than 1E-02 (Table 5-15) 

Groundwater area 2 (North Walnut Creek Dramage) is associated wth the A-senes ponds 
As drscussed in S m o n  529 ,  the carcinogenic and noncarcinogenic rabo sums for 
groundwater, based on residenbal exposure, are 1 2E#3 and 5 3E4-01, respectwely (Table 
5-16) 

The total carcinogenic and noncarcinogenic rabo sums for the residenhal scenmo are the 
sums of the rabos for pond sexbment, pond surface water, and groundwater At IHSS 142 3, 
the carcinogenic total rabo (1 2E+03) is greater than 100 and the noncarcinogenic total rmo 
(5 3E4-01) is greater than 1 (see summary Table 5-1) Both total rabo sums are equivalent 
to the rabo sums for groundwater because the rabo sums for other medra do not wntnbute 
significantly to the total However, the carcinogenic r a o  sum for sdment, assuming 
residentd exposure, also exceeds 1 

5.2.12 M S S  142.4 ( A 4  Pond) 

At IHSS 1424, 12 PCOCs were detected above the BSL in pond sedrments The 
carcinogenic and noncarcinogenic rmo sums based on long-term residenbal exposure to 
exposed pond sedrment are 1 7E-01 and 4 1E-01, respectwely (Table 5-19) As for the other 
A-senes ponds, the carcinogenic and noncarcinogenic rabo sums for exposure to surface 
water, based on a residenbal swmming scenano, were both less than 1E-02 (Table 5-15) The 
carcinogenic and noncarcinogenic rat10 sums for groundwater area 2, based on residenbal 
exposure, are 1 2E4-03 and 5 3E+01, respectwely (Table 5-16) 

The total carcinogenic and noncarcinogenic r a o  sums for the residenaal scenmo are the 
sums of  the rabos for pond sedrment, pond surf= water, and groundwater At IHSS 142 4, 
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the carcinogenic total rat10 1 2E#3 is greater than 100 and the noncarcinogenic total ratxo 
(5 3Ei-01) is greater than 1 (see summary Table 5-l), due entwely to PCOCs in groundwater 

Sedments in Pond A 4  are not a likely sour& of groundwater mntaminabon observed in 
mundwater area 2 Two wells in area 2 (41091 and 1186) are downgrdent of Pond A 4  
As shown in Table 5-16, fuel-related con&tuents (such as benzene, ethylbenzene, toluene, 
and xylenes), styrene, chloroform, and methylene chlonde were detected in samples from 
these wells (Figures AT3-5, AT3-6, and AT3-7) The readdy soluble compounds acetone 
(0 046 mgkg), benzene (0 003 mgkg), methylene chlonde (0 017 mgkg) and toluene (0 008 

mg/kg) were detected in sedrment samples in Pond A 4  (Figures AT3-8 and AT3-9), however, 
these low concentratxons of VOCs are not likely to have measurable effects on groundwater 
Bis(2-ethylhexy1)phthalate was also detected in Pond A 4  sehment samples, but this 
compound would be expected to adhere to sedrment partdes rather than be transported in 
aqueous phase in groundwater 

It is concluded that the fuel-related and other organic conshtuents observed in samples from 
wells 1186 and 41091 are likely to be due to sources other than sedrments in Pond A 4  

5.2.13 JESS 1425 (B-1 Pond) 

At DHSS 1425, 35 PCOCs were detected above the BSL in pond sedrments The 
carcinogenic rat10 sum, based on long-term residentd exposure to exposed pond sdments, 
is 3 4EM2 and the noncarcinogenic r&o sum is 8 2E-01 (Table 5-20) Aroclor-1254, 
benzo(a)pyrene (0 87 mg/kg), Am-241, Pu-239,240, and U-235 are the chief mntnbutors to 
the carcinogenic r h o  sum for sedlment 

In surface water in the B-sen- ponds, 11 PCOCs were detected above the BSL Table 5-21 
shows all detected PCOCs in surfact water in the B-senes ponds The carcinogenic and 
noncarcinogenic r a o  sums for exposure to surface water, based on a residenttal swmming 
scenano, were both less than 2E-02 (Table 5-21) 

Groundwater for area 3 (South Walnut Creek Dramage) is associated wth the B-senes ponds 
Twenty-five PCOCs were detected above the BSL in groundwater samples collected in the 
South Walnut Creek Drrunage The carcinogenic and noncarcinogenic ratro sums for 



groundwater, based on residenbal exposure, are 3 1E+O4 and 2 4Ei-01, respectwely 
(Table 5-1 1) As Qscussed in S m o n  5 2 7,l,l-&chloroethene, 1,2-drchloroethane, benzene, 
methylene chlonde, tetrachloroethene, and m y 1  chlonde are the m a n  contnbutors to the 
carcinogenic rabo sum in groundwater Ihnganese is the m a n  contnbutor to the 
noncarcinogenic rabo sum in groundwater Most maxlmum concentrabons were observed in 
samples from well 3586, which is located upgrdent of all IHSSs in groundwater area 3 
(Figures AT3-10 and AT3-11) Furthermore, PCOCs in pond sehrnent do not match the 
PCOCs in area 3 groundwater (Figures Am-12, AT3-13, and AT3-14) Therefore, Pond B-1 
is concluded not to be a source of groundwater contammaon and upgradrent groundwater 
contaminatton does not appear to be migrating down to the B-senes ponds 

The total carcinogenic and noncarcinogenic r a o  sums for the residentd scenano are the 
sums of the rabos for pond d m e n t ,  pond surface water, and groundwater At IHSS 142 5, 
the carcinogenic total rmo (3 1E+O4) is greater than 100 and the noncarcinogenic total ratio 
(2 5Ei-01) is greater than 1 (soe summary Table 5-1) Both total rat10 sums are eqwvalent 
to the r a o  sum for groundwater because rmo sums for the other mcdra do not contnbute 
srgnificantly to the total However, the carcinogenic rabo sum for sdmemt, assuming 
residentml exposure, also e x d  1 

5.2.14 IHSS 142.6 (B-2 Pond) 

At IHSS 1426, 20 PCOCs were detected above the BSL in pond sxhments The 
carcinogenic rmo sum based on long-term residential exposure to exposed pond sedlrnents 
is 1 1EM2 and the noncarcinogenic r a o  sum is 5 OE-01 (Table 5-22) Aroclor-1254, 
benzo(a)pyrene (1 5 mag) ,  Am-241, Pu-239,240, and U-235 are the chief contnbutors to the 
carcinogenic ratio sum for d m e n t  As Qscussed in S m o n  5 2 13, the carcinogenic and 
noncarcinogenic rat10 sums for exposure to surface water in the B-senes ponds, based on a 
residential swrmming scenano, were both less than 2E-02 (Table 5-15), and the carcinogenic 
and noncarcinogenic r a o  sums for groundwater area 3, based on residentml exposure, are 
3 1 E M  and 2 4E+01, respectwely (Table 5-1 1) The r-0 sums for groundwater are largely 
dnven by PCOCs detected in well 3586, which is located upgradrent of all MSSs in 
groundwater area 3 (Figura AT3-10 and AT3-11) AdQbonally, PCOCs in pond sedrments 
do not match the PCOCs in area 3 groundwater (Figures AT3-12, AT3-13, and AT3-14) 
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Therefore, Pond B-2 is not considered a source of  groundwater contaminatron and upgradmt 
groundwater contammatron does not appear to be migratrng down to the B-senes ponds 

The total carcinogenic and noncarcinogenic r&o sums for the residentd scenano are the 
sums of the ratros for pond sedrment, pond surface water, and groundwater At MSS 142 6, 
the carcinogenic total ratro (3 1EM) is greater than 100 and the noncarcinogenic total rat10 

(2 4E+01) is greater than 1 (see summary Table 5-1) Both total ratro sums are equivalent 
to the r a o  sums for groundwater because rabos for the other medm do not contnbute 
significantly to the total However, the carcinogenic rabo sum for sediment, assuming 
residentd exposure, also exceeds 1 

5.2.15 MSS 142.7 (B-3 Pond) 

At MSS 1427, 24 PCOCs were detected in pond sedmemts The carcinogemc and 
noncarcinogenic rat10 sums, based on residentd exposure to pond sedments, are 130 and 1 
(Table 5-23) Aroclors (1254 and 1260), Am-241, Pu-239,240, and U-235 are the chief 
contnbutors to the carcinogenic ratro sum for secbment As d~scussed in Sectron 5 2 13, the 
carcinogenic and noncarcinogenic ratro sums for exposure to surface water in the B-senes 
ponds, based on a residentd swmming scenano, were both less than 2E-02 (Table 5-15) 
The carcinogenic and noncarcinogenic rabo sums for groundwater area 3, based on residenttal 
exposure, are 3 1E+O4 and 24E4-01, recpe&vely (Table 5-11) The rabo sums for 
groundwater are largely drrven by PCOCs detected in well 3586, which is upgradmt of 
IHSSs included in groundwater area 3 For the reasons Ctscussed prewously, the ponds are 
not considered sources of groundwater contammaon and upgrdent groundwater 
contaminatron does not appear to be migratmg down to the B-senes ponds 

The total carcinogenic and noncarcinogenic ratro sums for the remdenttal scenmo are the 
sums of the ratros for pond mhment, pond surf'ace water, and groundwater At MSS 142 7, 
the carcinogenic total rmo (3 1EW) is greater than 100 and the noncarcmogenic total ratso 
(2 SEi-01) is greater than 1 (see summary Table 5-1) Both total ratro sums are equivalent 
to the r a o  sums for groundwater because the rmos for the other medm do not contnbute 
significantly to the total However, the carcinogenic ratro sum for secfiment, assuming 
residenbal exposure, also exceeds 1 
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53.16 IHSS 142.8 (B4 Pond) 

At MSS 1428, 30 PCOCs were detected above the BSL in pond sedrments The 
carcinogenic r&o sum, based on long-term residenhal sxposure to exposed pond sdments, 
is 3 4EM1 and the noncarcinogenic r&o sum is 1 4E-01 (Table 5-24) Benzo(a)pyrene (0 57 
mg/kg), benzo(b)fluoranthene (1 5 mgkg), Aroclor-1254 (1 3 mgkg), Am-24 1 (3 1 pCi/g), and 
Pu-239/240 (7 pCi/g) are the chief wntnbutors to the carcinogenic ratJo sum for sehment 
As Qscussed in Sectron 5 2 13, the carcinogenic and noncarcinogenic rabo sums for exposure 
to surface water in the B-senes ponds, based on a residenhd swmming scenano, were both 
less than 2E-02 (Table 5-15) The carcinogenic and noncarcinogenic raao sums for 
groundwater area 3, based on resldentid exposure, are 3 1EW and 24Ei-01, respectrvely 
(Table 5-1 1) The r&o sums for groundwater are largely drtven by PCOCs detected in wed1 
3586, which is upgradmt of IHSSs included in groundwater area 3 (Figures AT3-10 and 
AT3-11) For reasons prewously Qscussed (see Sectaon 5 2 14). Pond B-4 is not considered 
a source of groundwater contaminatJon and upgradmt groundwater contaminahon does not 
appear to be migratmg down to the B-senes ponds 

The total carcinogenic and noncarcinogenic ratJo sums for the residentd scenano are the 
sums of the ratios for pond h m e n t ,  pond surface water, and groundwater At IHSS 142 8, 
the carcinogenic total ratto (3 1Ei-04) is greater than 100 and the noncarcinogenic total ratJo 
(2 4EM1) is greater than 1 (see summary Table 5-1) Both total raho sums are equrvalent 
to the rabo sums for groundwater because ratros for the other m d a  do not contnbute 
significantly to the total However, the carcinogenic rat10 sum for sedrment, assuming 
residential exposure, also exceeds 1 

53.17 MSS 142.9 (B-5 Pond) 

At MSS 1429, 12 PCOCs were detected above the BSL in pond sdments The 
carcinogenic and noncarcinogenic rabo sums, based on long-term residentral exposure to 
exposed pond sdments, are less than 1 (Table 5-25) As drscussed m Sectron 5 2 13, the 
carcinogenic and noncarcinogenic raho sums for exposure to surface water in the B-senes 
ponds, based on a residential swmming scenano, were both less than 2E-02 (Table 5-15) 
The carcinogenic and noncarcinogenic r a o  sums for groundwater area 3, based on residenhal 
exposure, are 3 1E+04 and 24Ei-01, respectwely (Table 5-11) The rat10 sums for 
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groundwater are largely dnven by PCOCs detected in upgradrent well 3586 (Figures AT3-10 
and AT3-11) For reasons prevlously drscussed (see S a o n  5 2 14), Pond B-5 is not 
considered a source of groundwater contaminatton (Figures AT3-12, AT3-13, and AT3-14) 
and upgrhent groundwater contaminatton do& not appear to be migratmg down to the B- 
senes ponds In adhtron, the wells nearest Pond B-5 have extremely low levels of PCOCs 

The total carcinogenic and noncarcinogenic rabo sums for the residentral scenmo are the 
sums of the rabos for pond &mat, pond surface water, and groundwater At IHSS 142 9, 
the carcinogenic total ratio (3 1 E M )  is greater than 100 and the noncarcinogenic total ratxo 
(2 4E4-01) is greater than 1 (see summary Table 5-1), due entrrely to PCOCs in groundwater 

53.18 IICISS 142.12 (Walnut and Indiana Pond) 

At IHSS 142 12, seven PCOCs were detected above the BSL in pond sedrments The 
carcinogenic and noncarcinogenic rat10 sums, b a d  on long-term remdentral exposure to 
exposed pond sxbments, are less than 1 (Table 5-26) In surface water at this pond, one 
PCOC (acetone) was detected (maxlmum concentraon of 0 14 mgA) The noncarcinogenic 
ratio sum for exposure to acetone in surface water, based on a residentml swmming scenmo, 
is less than 1 (Table 5-27) In groundwater samples collected from wells at Inhana Street 
(groundwater area 9, 24 PCOCs were detected above the BSL The carcinogenic and 
noncarcinogenic ratio sums for groundwater, based on resdenbal exposure, are 6 5EM2 and 
3 4E+01, respectwely (Table 5-28) Methylene chlonde (0 01 mgA), arsenic (0 008 mgA), 
beryllium (0 008 mgA), Am-24 1 (3 2 pCiA), Pu-239,240 (2 204 pCiA), radrum-226 (1 1 pCiA), 
and stronbum-89,90 (1 049 pCiA) are the man contnbubrs to the carcinogenic rabo sum in 

groundwater Antxmony (0 194 mgA), manganese (3 19 mgA) and vanadrum (0 312 mgA) are 
the m a n  contnbutors to the noncarcinogenic ratro sum in groundwater These constrtuents 
were not PCOCs in the Walnut and Ind~ana Pond sedrment, except for methylene chlonde 
(maxlmum sehment concentration = 0 02 mgkg) 

The total carcinogenic and noncarcinogenic ratto sums for the rmdentral scenano are the 
sums of the rabos for pond sedrment, pond surface water, and groundwater At IHSS 142 12, 
the carcinogenic total ratio (6 5E+02) IS greater than 1 0 0  and the noncarcinogenic total r&o 
(3 4E+01) is greater than I (see summary Table 5-1), due entrrely to PCOCs (chiefly arsenic 
and beryllium) in unfiltered groundwater samples collected in wells at Indiana Street The 
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Walnut and InQana Pond h m e n t s  are probably not a source of groundwater contaminatton 
in these wells 

53.19 Strum Sediments 

Tables 5-29 through 5-32 show the RBC screen results for stream sedrment samples from four 
stream segments North Walnut Creek Dramage, South Walnut Creek Dramage, Walnut and 
InQana effluent, and Upgradmt of OU6 in the North Walnut Creek dranage The stream 

sehment data are evaluated separately since they were not assigned to any partwular source 
area However, the stream d m e n t  data wll be incorporated, if appropnate, into data sets 

for the appropnate areas of concern to be evaluated in the baseline HHRA 

Maxlmum concentrwons of PCOCs in stream sxbments were compared to residentd soil 
RBCs Eleven PCOCs were detected above the BSL in the sediments in the North Walnut 
Creek Drcunage The carcinogenic ratto sum is 14EM and the noncarcinogenic rabo sum 

is 7 3E-01 (Table 5-29) Benzo(a)pyrene (0 11 mgkg) is the man contributor to the 
carcinogenic ratto sum 

Seventeen PCOCs were detected above the BSL in the d m e n t s  in the South Walnut Creek 
Dramage The carcinogenic ratto sum is 69E-H) and the noncarcinogenic rabo sum is 
23E-04 (Table 5-30) Benzo(a)pyrene (048 rng/L) is the mam contnbutor to the 
carcinogenic ratio sum 

Four FCOCs were detected above the BSL in the &meats at the Walnut and Indana Pond 
effluent The carcinogenic and noncarcinogenic r a o  sums are 3 7E-03 and 3 3E-05, 
respectwely (Table 5-31) 

Thirteen PCOCs were detected above the BSL in the two stream d m e n t  samples collected 
upgrdent of OU6 in the North Walnut Creek drcunage The carcinogenic raQo sum is 
2 8E+O and the noncarcinogenic ratio sum is 8 2E-05 (Table 5-32) Benm(a)pyrene (0 17 
mg/kg) is the man contributor to the carcinogenic ratio sum 
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5330 Dry ScdimenQ 

Tables 5-33 and 5-34 show the RBC screen results for dry sedrments in the North and South 
Walnut Creek dramages The dry A m e n t  data are evaluated separately since they were not 
assigned to any of the source areas However, the dry sedrment data wll be incorporated into 
the data sets for HHRA areas of concern that include ponds 

Maxlmum concentratrons of PCOCs in dry sedrments were compared to resdentral soil RBCs 
In the North Walnut Creek drcunage, there were 19 PCOCs detected above the BSL in dry 
sedments The carcinogenic W o  sum based on resldentd exposure is 5 3E+O and the 
noncarcinogenic r&o sum is 1 3E-02 (Table 5-33) Benm(a)pyrene (0 26 mg/kg) and Pu- 
239,240 (4 44 pCi/g) are the main contnbutors to the carcinogenic ratro sum 

In the South Walnut Creek drainage, 20 PCOCs were detected above the BSL in the dry 
sdments The carcinogenic r&o sum is 69EM and the noncarcinogenic rabo sum is 
9OE-03 (Table 5-34) Benzo(a)pyrene (038 m a g )  is the m a n  contributor to the 
carcinogenic ratro sum 
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TABLE 5.1 
ROCKY Fwls OU6 

SUMMARY TOTAL RATIO SUMS BY SOURCE AREA 

CvdageoieRatb NoneuriagcniC 

14E-01 
SoprCeArur Mediu SPmO) Ratio sluu@) 

IHSS 143 Old Outfall sollo-12' - 4 7EM1 
-Area6 18EM3 9 4EM1 
TotalRaho Sum 1 8EM3 9 4EM1 

IHSS 167 1 NorthsPrryFleld sollo-12' 4 9E+00 5 5E-02 
TotalRatIo Sum 

Fonaer I€BS 167 3 Sauth Spray Fdd Area WO-12' 1 lE-01 3 8E-03 
GroundWoterAreal 2 OEM3 7 4EM1 

2 OEM3 7 4EM1 

IHSSs1661,1662 TrenchesA,B,andC WO-12' 8 3E-01 1-1 
and1663 -Area1 2 OEM3 7 4EM1 

Total Rat10 Sum 2 OEM3 7 4EM1 

IHSS 216 1 East Spray FIcld sollo-12' 3 5E-01 4 4E-02 

Mss 1562 sadhrmpAna sad 0-12' 16EtOo 4 W 1  

IHSS 141 Sludge - sorl o-12' 3 8E+00 1 OE-01 
3 1E+O4 2 4EM1 
3 1E+O4 2 4EM1 

c3ou&mmAFea3 
Total Raho Sum 

11E-01 
GrarodwStcr-4 12EM1 48E+-00 
Total Rat10 Sum 2 6EM1 4 9E+OO 

MSS 165 TnarigleArea sollo-12' 14EM1 

MSS 142 1 A-1 pond scdlmmt 
Surface- 

2 8EM1 3 2E42 
3 7E-03 2 3E-04 

GraUndweterArea2 12EM3 5 3EM1 
Total Raho Sum 12EM3 5 3E+01 

IHSS 142 2 A-2 pond sadunent 
Surfacewster 

12EM1 4 4E-02 
3 7E-03 2 3E-04 

GraurdwaterArca2 1 2EM3 5 3EM1 
Total Raho Sum 12EM3 5 3EM1 

MSS 142 3 A-3 pond scdlmmt 
Surface- 

3 2E+00 3 5E-02 
3 7E03 2 3E-04 

GlomhwmAfea2 12EM3 5 3EM1 
Total RatIo Sum 1 2EM3 5 3EM1 
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TABLE 5-1 
(- 

SoulrCAnu Mcdhur sum0) R8tiospm~) 
IHSS 142 4 A4 pond lkdtmrat 1 m1 4 1E-01 

Cud.OgenicR.ti0 Nan- 

S W k C W  3 7E43 2 3E-04 
GlodwamArea2 1 2EM3 5 3EM1 
TotalRat~o Sum 12E+03 5 3EM1 

IHSS 142 5 El pond sodlmnt 
SUIiiXXwattr 

3 4E+02 8 OE-01 
1-2 783-05 

-Area3 3 1EUM 2 4EM1 
Total Rat10 Sum 3 1 E M  2 SEMI 

B-2 pond sdlmult 11E+02 5 OE-01 
Swfaocwattr 1-2 78E-05 
GmldwamAna3 3 1 E M  2 4EH1 

3 1 E M  2 4EM1 Total Rat10 Sum 

MSS 142 6 

MSS 142 7 B-3 pond sdlmult 
surfacewater 

13E+02 1 OEUIO 
18E-02 7 83-05 

Gmundwrter-3 3 1 E M  2 4EM1 
Total Rabo Sum 3 1EUM 2 sEM1 

IHSS 142 8 B 4  pond scdmmlt 
Surfaccwattr 

3 4EM1 14E-01 
1 m 2  78E-05 

Gmldwam-3 3 1 E M  2 4EM1 
Total Rabo Sum 3 1 E M  2 4EM1 

IHSS 142 9 B-5 pond scdmmlt 2 6E-01 2 S O 3  
S W k C W  18E-02 783-05 
GmldwamArea3 3 1 E M  2 4EM1 
Tatal Rabo Sum 3 1E+O4 2 4EH1 

IHSS 142 12 WalnUtdtllvrrannPond !sdlmcnt 
surfjlcewater 

3 1E-03 3 4E-05 - 5 OE-05 
Grwadwatct 6 5E+02 3 4EM1 
TotalRat~o Sum 6 SEW2 3 4EM1 

14E+OO 7 3E-01 
6 9E+OO 2 3E-04 
2 8 E m  82E45  
3 7E-03 3 3E-05 
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TABLE 5.2 
ROCKY FLATS OU6 

RBC SCREEN FORIBSS 143 (OLD OUTFALL) 
SOILS 0 TO 12 FEET 

0 018 
0 17 
0 51 
066 
1 8  
2 3  
3 2  
0 89 
1 2  

1 065 
0 41 
1 6  
0 2  

0 085 
0 068 
3 1  

0 24 
0 92 
0 013 
0 12 
1 8  
2 9  

1055 

7 - 8  
7 - 8  
0 
0 
0 
0 
0 
0 
0 

7 -  11 
7 -  11 

0 
0 
0 
0 
0 
0 
0 

8 - 9  
0 
0 
0 

8 - 9  

- 
877E-01 
8rlE-02 
877E-01 

877EiQO 

4 57E+01 
8 77E+01 
8rlE-02 

- 
- 

- 
8rlE-01 
8 UE+01 

1 653+05 
2 7 4 E M  
1 653+04 
8 23E+04 

- 
1 1OE+O6 
5 49E+03 

- 
5 493+03 
1 10E-W 
1 1OE+O4 

165E+O4 
1 10EW 

8 23E+03 
5 4 9 E M  

- 

- 

- 
2 1 E m  
2 6E+01 
3 6Em 

14E-01 

9 OE-03 
18E-02 
2 3 E W  

- 
- 

- 
1 OE+OO 
15E-04 

11E-07 
6 2E-06 
3 1E-05 
8 OE-06 

- 
9 7E-07 
7 5E-05 

II 

12E-05 
2 8E44 
2 2E-05 

7 9E-07 
1 1E-05 

3 5E-04 
19E-05 

- 

- 

PesticidedPCBa ( m m  
Aroclor-1254 094 0 - 7  8 32E-02 192E+01 11E+01 4 9E-02 

b o r y a i c r  (who 
Banum 1150 7-12 - 192E+O4 - 6 OE-02 
Nickel 20 3 0 - 5 49E+03 - 3 7E-03 
Smnuum 279 8 -12 - 1 653+05 - 17E-03 
Vanadrum 45 5 0 - 1 92E+03 - 2 4E-02 
zlnc 85 4 0 - 8 23E+O4 - 1 OE-03 

Radionuclide2 @CV@ - Amenclum-241 0 0361 7 -  10 2 3 7 E m  15E-02 
Plutoluum-23 9,240 0 5178 0 3 4 2 E m  - 15E-01 - 
U ~ W - 2 3 8  1518 7 - 10 4 60EM1 - 3 3E-02 .I 

.I 



TABLE ?i3 
ROCKY FLATS OU6 

RBC SCREEN FOR IHSS 143 (GW-6) 
UHSU GROUNDWATER (UNFILTERED) 
(ALL SAMPLES FROM WELL #77492) 

MadDnm Reridcatid 
chcatmh - - 

OrACtMtJr C- N- C8dOOgWl NO#lWChOgUl 

OOOO6 
00002 
OOOO7 
000% 
0 003 

0 0007 
0 0001 
0008 

977 
0 0164 
2 47 

0 0266 
0 216 
0 0932 
0 185 
0 176 
0 171 
5 05 

0 0015 
0 22 
179 

0 365 
671 

004 
8 8  

- 
1 67s-05 

2 6OE-04 
2 7- 
143E-03 
2 55E-03 
6 07E-03 

- 

. 
4 86E.05 

198E-05 
- 
- - - - - - - - - - 
- 

198E-01 
3 97E41 

1 OlE+OO 
3 28E-01 
3 28E-01 
2 553-02 
3 653-01 
3 633-01 

7 30E-01 
- 

- 
1 09E-02 
2 m m  
1823-01 
3 65E+01 

146E+OO 
- 
- - 

I82E-01 
109Eo2 
7 30E.01 
2 19E+01 
256E-01 
1 WEMI 

- - 

- 5 9 w  
12E+01 6 1E-04 - 2 1E43 
3 1EW1 3 1E-01 
11EW1 8 2E-03 
4 9E-01 19E-03 
3 9E-02 - 
13E+00 1 1E-02 
5 SEW1 3 4E-01 

- 
1 5E+OO 
9 6E-01 
1 mol 
5 9E-03 

13e41 
- 
- - 

2 8E*1 
14E.01 
3 om1 
82E-02 
1 4 E W  - 6 2ENI 

17E+03 9 4EW1 

2 OE-01 
2 2EM1 - 
2 2EW1 - 

- 

Rabo sum 18E+03 9 4EN1 



TABLE 514 
ROCKY FLATS OU6 

RBC SCREEN FOR 167.1 (NORTH SPRAY FJELD) 
SOILS 0 TO 12 FEET 

0 003 

866 
217 
20 3 
601 
0 13 
20 6 
287 

1 147 
1849 
3 05 
0 137 
14 1 

7 - 8  

2 - 4  
0 
0 
0 
0 
0 

2 - 4  

0 
0 

2 - 4  
2 - 4  
2 - 4  

5 4 9 E M  

192EM 
2 74E+05 - - 
8 23E+01 
5 49EM3 
8 23EM 

- - 
- - - 

Sheetlofl 



TABLE 5-5 
ROCKY FLATS OU6 

RBC SCREEN FOR IHssl166.1,166.2,& 1663 (TRENCHES) 
SOILS 0 TO 12 FEET - DcptLd 

cor#.trrtk. Sampk - - 
Aadyk' OrACtMtp (i.m c- N- Cuciwgea NoneuCiagea 

Acetone 4 3  11 - 12 - 2 74EM - 1- 
o-(mJkL) 

&Ilzenc 0006 8 - 9  2 21E+01 - 27E-04 - 
2-BUtanone 16 4 - 5  - 1 65EtO5 - 97E-06 
chlorof- 0 002 7 - 8  1 05E+f)2 2 74EtO3 1 9E-05 7 3E-07 
4-Mdhyl-2-penEarmre 0 002 11 - 12 - 137EM - 15E-07 
Methylme chlonde 3 7  11-12 854E+01 1693494 4 3E-02 2 2E-04 

0 001 0 - 5 49EM 18E-08 
Tncblomthene 0 021 0 5 82EM1 - 36E-04 - S m  

Tolucne 0 59 0 - 1  - 5 49EM - 11E-05 

b-(ww 
Banum 2970 6 - 12 192EM - 15E-01 
chromrum 130 6 - 12 - 2 74E+05 - 473-04 
Stmnttum 264 0 -6  - 165E+05 - 1-3 

R.arolrucuad (pal& 
Amnclum-24 1 0 0229 11-12 237EMO - 9 7E-03 - 
PlutOIllum-239,240 0 0855 11-12 342EMO - 2 5E-02 - 
Uraru~n-235 0 13 0 - 6  173E-01 - 7 5E-01 - 

16E-01 Ratlo sum 8 3E-01 
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1, 1, l - T r l c h l o ~  
1 , l - m  
1,2-Dlchloltl4KmC 
Acetone 
Bmzene 
CMmndml6de 
carbontetrachlonde 
chlomfom 
Ethylbcnzenc 
Methylene chlonde 
T ~ h l o ~  
Tolueae 
Total xylenes 
Tnchlorocrtmc 

0007 
0 005 
0006 
0 017 
0 002 
0004 
0008 
0008 
Oooo9 
0 032 
0 013 
0 01 
0004 
0 15 

456 
0 0614 
00099 

506 
0 032 
0 019 
0 58 
0 228 
6 43 

0 193 
0 399 
6 2  

0 0014 
107 
0 27 
304 
2 78 
0 754 

8 
172 

7287 
B206489 

7287 
7087 

0586, B206489 
7087 
7287 
7287 
0586 
7187 
7287 
0586 

0586, B206489 
7287 

7287 
7287 
7287 
7287 
7287 
7287 
7287 
7287 
7287 
7287 
0686 
7287 
7287 
7287 
0686 
7287 
0686 
7287 
7287 

B246289 

- 
1 01E+00 
3 28E-01 
3 65E+00 

2 763-02 
2 553-02 
3 653-01 
158E+00 
173E+00 
3 653-01 
9 653-01 
7 30E+01 

- 

- 

- 
1-2 
1 09E-02 
256E+00 
182E-01 
182E-02 
3 65E+01 

146E+Oo 
- 
- - 

182E-01 
1 09E-02 
7 30E-01 
182E-01 
182E-01 
2 19E+01 
2!m341 
109E+01 

- 
3 1EM1 
2 9EM1 

5 lE+Oo 
9 1E+OO 

- 

5 9EM1 
14EM2 

- 
5 OE-03 
18E-02 
47E-03 

14E-01 
3 lE-01 
223.02 
5- 
18E-02 
3 6M2 
1 oE-02 
5 5E-05 

5 7lM1 

- 

- 

- 
4 2 E m  
9 1E-01 
2 OEM0 
1 m1 
1 OE+OO 
1 6 M 2  

4 4E+00 
- 
- . 

3 4EM1 
13E-01 
1 5E4-00 
1mm 
17E+01 
13E-01 
2 9 E m  
7 3E-01 

5 84EtO1 2 9E+OO 
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cesium-137 1 063 7287 1 70EW - 6 3E.01 - 
9 3E.01 - 

Ratlo sum 2 OEM3 7 4EtO1 

I 
~ 
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TABLES7 
ROCKY OU6 

RBC SCREEN FOR FORMER IESS 167.3 (SOUTH SPRAY FIELD) 
SOILS 0 TO 12 FEET 

- d e i ' o  
Amenclum-241 0 06413 0 2 3 7 E m  - 27E-02 - 
PlutolUum-239,240 0 2947 0 3 42E+00 - 8-2 - 

Ram Sum 1 1 m 1  3 8E-03 

Sbett lof l  
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TABLE58 

ROCKY FLATS OU6 
RBC SCREEN FOR IHSS 216.1 (EAST SPRAY FIELD) 

SOILS 0 TO 12 FEET 

Acetone 5 1  1-2 I 2 74EW - 1 9E-04 
orplriCrm#w 

2-Butaaorrc 3 7  1 - 2  - 1 65EHS - 2 2 E 4 5  
~ ~ c h l o n d c  3 75 1 - 2  8 UEMl  1 65EiQ4 4 4E42 2 3E-04 
Toluene 0 63 1 - 2  - 5 49EM - 11B-05 

R 8 d n m ~ & ( p c u &  
Am~nt~~m-24 1 0 192 0 2 3 7 E m  - 8 1E-02 - 
PlutoluUm-23 9,240 0 758 0 3 42Em - 22E-01 - 

Ratlo Sum 3 -1 4 4E-02 

I '  
I D  Sbectlofl  



TABLE 5-9 
ROCKY FLATS OU6 

RBCSCR.EENFORIHSSlS6.2(SOILDUMPAREA) 
SOILS 0 TO 12 FEET - md 

or Activity cudnorclr Norrcudng. CUdROgCO N- 
Cowmtdom Sampk - - 

2 1  
1 2  

0 074 
3 6  

0004 
0 4  

0 002 

43 6 
636 
23 8 
31 7 
849 
0 14 
21 2 
267 
65 1 
706 

0 31 
1 85 
0 16 

9 -  10 
5 -6 
1 - 2  
8 - 9  
9 - 10 
1 - 2  

9 - 10 

0 
8 - 12 

0 
0 

0 - 6  
0 
0 

6-12 
0 

6 -  12 

0 - 6  
0 

0 - 6  

2 74EUM 
1 6SEto5 
5 49E+O3 
1 65EM 
137EM 
5 49EUM 
5 49EiQ5 

1 10Eto2 
192EM 
2 74EtoS 
1 1OE+O4 

8 23E+Ol 
5 49Eto3 
1 6SEto5 
192Eto3 
8 23EM 

- 

- - - 

7 m s  
7 3 w  
13E45 
22E-04 
2 9EM 
7 3 w  
3 6E-09 

4 OE-01 
3 3 M 2  
8 W S  
2 9Eo3 

17E-03 
3 9 M 3  
16E-03 
3 4 M 2  
86E-03 

- 

- - - 
Ratlo sum 1 6E+oo 4 8E-01 



I 
I 
I 
1 
I 
' I  
I 
' I  
~B 

I 

I 
1 
I 
I 
I 
I 
I 
I 
1 

TABLE 5-10 
ROCKY FLATS OU6 

RBC SCREEN FOR IHSS 141 (SLUDGE DISPERSAL) 
SOILS 0 TO 12 FEET 

20 6 
18 8 
61 6 
62 

0 34 
22 5 
52 7 
104 
75 9 
650 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 74E+05 

1 1OE+O4 

8 23E+01 
5 49E+03 
137EW3 
1 65E+05 
192E+03 
8 23EW 

- 
- 

7 m 5  

5 6E-03 

4 1E-03 
4 1E-03 
3 8E-02 
6 3- 
4 OE-02 
7 9E-03 

- 
- 

Amenclum-24 1 1842 0 2 3 7 E m  - 7 8E41 - R.droaucll~Ww 

Pl~tOnrum-239,240 10 38 0 3 42Em - 3 OE+OO - 
Ratlo sum 3 8E+00 1 oE-01 

! I  



TABLE 5-11 
ROCKY FLATS OU6 

UHSU GROUNDWATER ("FILTERED) 
RBC SCREEN FOR SOUTH WALNUT CREEK DRAINAGE (GW-3) 

Mutru Rcridatw 
colrcatrrtioa shu&mam - 

And*' or Adivity WdlID c- N- C- Noecarchogen I 

Orgnicr(m0n 
1,1, l - T l l c h l o ~  
l,l-xhcbl- 
1 , l - D l c h I o ~  
1,2-I)rchlorodhane 
1 , 2 - D l c h I o ~  
Acctonc 
Bcnzcnt 
chloromethane 
2-Hexanoae 
4 - I s a p m w l t o ~ ~  
4-Mdhyl-2-pcntamne 
Methylene chlonde 
Tetrachlo~w.lmme 
Toluenc 
t r a n s - 1 , 2 d l & l 0 ~  
Tnchlomethnc 
Vmyl chlonde 

0 012 
0 062 
0 005 
0 002 
0 074 
0 008 

OOOO9 
Oooo25 
0 005 

0 00013 
0 001 
0 014 

0 0022 
0 00015 
0 009 
0006 
086 

0 337 
0 0173 
4 17 

0 00024 
2 02 
0 138 
17 68 

122 

3586 
3586 
3586 
3586 
3586 
3786 
3586 
02691 
3586 
02691 
3586 

0269 1 
0269 1 
3786 
3586 
3586 
3586 

02691 
02691 
3586 
3586 
3886 
02691 
02691 

02691 

- - 
1 67s.05 
la7E.01 - - 
6 15E-04 
2 32E-03 - - - 
6 2233-03 
1 43E-03 - - 
2 553-03 
2 81E-05 

- 
1 OlE+OO 
3-1 

3-1 
3 6SEMIO 

- 

- - - - 
198E-01 
173EW 
3 6 m 1  
9 65E-01 - - 

- 2 % E m  

- 182E-01 - 1 09E-02 
2 19E+01 - 109E+Ol - 5 84E+01 

- - 

1 44E+OO - 

- - 
3 OEM2 
1 OEM1 - - 
1 5 E W  
11E-01 - 

- 
6 1E-02 
15E-02 

2 3E41 
2 2E43 

- 

- - - - - 
- 5 1E43 

2 3 E W  8 1E43 
1 6 OE-03 - 1 6- - - 
2 4E+OO - 
3 1E+O4 . 
3 1E-W 3 2E-01 

- 13E-01 

2 3E+01 - 2 2E42 
- 9 2E42 - 13E-02 - 3 OE-01 - 2 3 M 1  

- - - 

3 1E+O4 2 4E+01 Ratlo sum 



)I 
l 
1 

TABLE $12 
ROCKY FLATS OU6 

RBC SCREEN FOR IESS 165 (TRIANGLE AREA) 
SOILS 0 TO 12 FEET 

1 
r 
B 
I 

P 
I 
b 

I' 

1 

0099 
0 13 
0 17 
006 
0 003 
026 
0 35 
0044 
0 12 
0064 
0 072 
0 34 
0099 
0 034 
066 
0 17 
0 19 
11 

0 - 6  
0 -6  
0 -6 
0 - 6  
1 - 2  
0 - 6  
0 - 5  
6 -  12 
0 - 6  
0 - 4  
0 - 6  
0 - 6  
0 -6  
1 - 2  
0 - 4  
0 - 6  
0 - 6  
1 - 2  

877E-01 
877E42 
877E-01 
8 7 7 E m  
2 21E+01 

4 57E+01 

8 77BQ1 
2 67E+01 

- 
- 

- 
877E-01 
8 54E+01 
5 34EW 

- 
1 10E- 
5 49E+03 
I37E+03 - - 
5 49E+03 
1 IOEM 

1 6 5 E M  
8 23E+03 

8 23E+03 
5 49EM 

- 

- 

11E-01 
1 SEm 
19E-01 
6 8E-03 
14WM 

7 7E-03 

14E-03 
2 4E-03 

- 
- 

- - 
11E-01 
4 O M 4  
12E-01 

- 
2 4-7 
6 4E-05 
3 2E-05 - - 
13E-05 
3 1E-05 

2 1 E 4  
8 OE-05 

2 3E-05 
2 0-5 

- 

- 

PedieideJPcBi (mJlu) 
Aroclor-1254 0 425 0 8 32E-02 192E+01 5 lE+OO 22E-02 

Banm 373 6 -  12 - - 19-2 1 92EM 
b-(mdrcrr) 

Chrormum 35 1 0 - 2 74E+05 - 13- 
Lead 51 4 0 - - - - 
Nickel 20 9 0 - 5 49E+03 - 3 8E-03 
Strontium 223 0 - 6  - 165EM5 I 14E-03 

6 -  12 1 92E+03 6 1E-02 VaMdlUm I18 
zuu: 117 0 - 8 23EW - 14E-03 

- - 

lbdlonddd(pcd@ 
Amencrum-241 3 24 0 2 3 7 E m  - 1 4 E W  
Pl~tOnrum-239,240 15 22 0 3 4 2 E m  - 4 5EW - - 5 ma1 Urn=-235 009% 0 173E-01 - 
U-W-238 1 6  6 -  12 4 6OE+01 - 3 5E-02 - 

11E-01 Ratlo sum 14EM1 



TABLE 5-13 
ROCKY FLATS OU6 

RBC SCREEN FOR UPGRADIENT DRAINAGE (GW-4) 
UHSU GROUNDWATER (UNFILTERED) 

Muimum Re8ih.ti.l 
Colleutrrtion - ofconeentnbon to RBC 

or ActMty Wdl ID CUCiDq$B N- c8- NOOCUdIlOgCIi 

0 01 
0 003 

00002 
0 001 
0 0002 
0 003 
0 016 
0 014 
0004 

19 2 
0 39 
0 016 
0 529 
1% 
95 

1 2  

B208089 
B208089 

76292 

76292 
no9789 
B208089 
B208089 
P209789 

76292 
76292 
76292 
76292 

B208089 
F209789 

76292 

3 65E+OO 

3 6-1 
158E+OO 
173E+OO 
3 65E-01 
9 6SE-01 
7 30E+01 

- 

- 

- 
2 %E+OO 

182E-01 
2 19E+01 
5 84E+01 

- 

- 

- 
4 9 E W  
7-1 

3 2E-02 
2 1E+OO 

- 

- - 

2 7E-03 

553-04 
6 3E-04 
1 2 E 4  
82E-03 
1 m-02 
19E-04 

- 

16E+OO - 
9 3E+OO 2 9E-02 

3 OE+OO - 
3 OEW - 



't 
1 

' 6  

I 

P 

TABLE 5-14 
ROCKY FLATS OU6 

POND SEDXMENTS 
RBC SCREEN FOR IHSS 142.1 (A-1) 

Radionddd@clli) 
Amencrum-24 1 
Pl~to~~um-23 9,240 
Uraru~m-233,234 
Um~m-238 

0 013 
0 089 
0 11 
0088 
0 27 
0 31 
0 42 
0 21 
0 2  

0 485 
0 12 
0 35 
0 21 
0 79 
0 2  

0 0 6  
009 
0 52 
0 71 
0 21 

0 59 

110 

13 23 
36 2 
2 483 
2 142 

- - - - 
877E-01 
8 77E-02 
8 77E-01 

8 77EtOO 
4 57EM1 

8 77Eu~1 

- 
- 
- - 

877E-01 

8 54E+01 
- 
- - - 

8 32E-02 

- 

2 3 7 E m  
3 4 2 E m  
4 47E+01 
4 6OEW1 

1 65E+05 
1 65EW 
2 7 4 E a  
8 23EW - - - - - 
5 49EM3 
5 49EW 

5 4 9 E M  
1 1 0 E M  

13m* 
1 65EW 

8 23E+03 
5 4 9 E m  

- 

- 

- 

192E+01 

8 23EW 

- - - - 

- - - - 
3 1E-01 
3 5Em 
4 8E-01 

2 3E-02 
1 l W 2  

4 OW3 

- 

- 
- - 

2 3 W 1  

1 1E-03 
- 
- - - 

7 1E+OO 

- 

5 6 E W  
llE+Ol 
5 6E-02 
47E-02 

7 9E-08 
5 4MK 
4 O M K  
1 18-06 - - - - - 
8 8 W 5  
2 2E-06 

3 8E-06 
7 2E-05 

4 4E-07 
5 5E4  

8 6E-05 
3 8E-06 

- 

- 

- 

3 1E-02 

13E-03 

- - - - 
Ratlo sum 2 m+01 3 2E42 

1 
I 



TABLE 5.15 
ROCKY F’LATS OU6 

POND SURFACE WATER(U”ILTERED) 
RBC SCREEN FOR FONDS A-1 THROUGH Ad 

Unuuum-233,234 3688 2 29E+03 - 1-3 - 
Unuuum-235 0 37 2 29E+03 - 16E-04 - 
Uranr~m-238 4 475 2 29E+03 - 2 OE43 - 
-0 

Ram Sum 3 7E-03 2 3E-04 



' 1  TABLE 5-16 
ROCKY FLATS OU6 

RBC SCREEN FOR NORTH WALNUT CREEK DRAINAGE (GW-2) 
UaSU GROUNDWATER (UNFILTERED) 

Maximum Reridcatid 
C- - - 

Anllyk' or Miv i ty  WdlID c8rciwta Noaurciaorrea Cuchgen NoacucinOgen 
O-(mdl) 
Acdonc 
BcnZcne 
1,2,4-T-- 
2-BuEanone 
ca&ondIsulfi& 
Chloroform 
EthylbenzMle 
m-Xylm 
Methylm don& 
PXYl- 

styrme 
TetracMoroethem 
Toluene 
Tnchloroethem 
B1~(24ylhexyI)phthalate 
Diethyl phthalate 
Xylenes, total 

4-Methyl-2pcntanonc 

0 027 
0 002 
0 0002 
0 001 
Oooo)  
0 0002 
0 001 
0 0001 
0 002 
0 0001 
0 002 

0 00011 
0 002 
0 016 
0 002 
0004 
0 002 
0 007 

1% 
0 179 
0 018 
209 

0 0149 
0 0329 
0 216 
0 111 
0 314 
0 254 
0 456 
3 32 

0 0014 
0 264 
0 475 
0 0392 
6%  
0464 
153 
704 

1386 
1186 

41091 
1786 
1386 

41091 
1186 

41091 
41091 
41091 
1386 

41091 
1386 
1186 
1786 

41091 
41091 
1186 

1286 
B2 10489 

1786 
1286 
1286 
1786 
1286 
1286 
1286 
1286 
1786 
1286 
1786 
1286 

B210489 
1786 
1786 
1286 
1286 
1786 

3 653+00 - - 
2 4 7 E m  
2 7-2 
3 6 m l  
158E+00 

173E+oO 

1-1 
2 01E+OO 
3 65E-01 
9 65E-01 

7 30E-01 
2 92E+01 
7 30E+01 

- 
- 

- 

- 
1-2 
1 09E-02 
2 56Em 
182E-01 
1823-02 
3 6SE+01 

1 4 6 E m  
- 
- - 

182E-01 
109E-02 
7 30E41 
182E-01 
182E-01 
2 19E+01 
2 56E-01 
1 09E+01 

7 4E-03 - - 
4 OE-04 
1 4E-02 
55E-04 
6 3E-04 

12E-03 

1 OE-02 
5 5E-05 
5 5E-03 
1 7E-02 

5 5E-03 
6 8E-05 
96E-05 
6 2E-02 

- 
- 

- 

- 
12E+01 
1 7Em 
8 2E-01 
8 2E-02 
18E+00 
5 9E-03 

2 2E-01 
- 
- - 

18EM1 
13E-01 
3 6E-01 
2 6Em 
2 2E-01 
32E-01 
1 8 E m  
14E-01 

5 84E+O1 - 12E+01 
11Ei-03 5 3E+O1 



I 
I1 

Amncrum-24 1 
ct9um-137 
Pl~tom~t1-239,240 

1087 1286 1-1 - 5 5 E m  - 
4 499 1286 1 7 0 E m  - 2 6Em - 
3 65 1286 207E-01 - 18E+o1 - 

Mum-226 0 72 1186 397E-01 - 1 8 E ~  .) 

2 8E+01 - 
CumuWvcRat~o 12E+o3 5 3EM1 

s m 2 0 f 2  



TABLE 517 
ROCKY FLATS OU6 

POND SEDIMENTS 
RBC SCREEN FOR IHSS 142.2 (A-2) 

P a t i c i a d p c s r ( m ~  
Aldm 
Aroclor-1254 

R 8 d i o n d a d ( p c u ~  
Amen~lum-241 
Plutolu~m-239,240 

Unuu~m-238 
Unuuum-233.234 

0 026 
3 3  

0 0% 
0 075 
0 33 

0 071 
0 16 

0 12 
0 13 
086 

7 8  

a 3  

0 054 
0 59 

409 

174 
5 65 

2 55 
1 a3 

1 6SE+05 
2 74EtO4 - - 
1 1OE+O6 
5 49EM3 

1 10EW 
1 6SEW 

8 23EtO3 
5 49EtO4 

- 

. 

a 2m-00 
192EtO1 

a 2 3 ~ ~  

- - - - 

- - 
6-2 
a 61501 

a IE-O~ 

- 
llE-01 

- 
9 7E-02 - - - 

1 4E+OO 
7 1E+OO 

- 

7 3E-01 
1 7EW 
4 1E-02 
5 5E-02 

16E-07 
12E-04 - - 
3 OW 
14E-03 

15E45 
5 OE-04 

1 6E-05 
1 6E-05 

- 

- 

6-3 
3 1E-02 

5 OE-03 

- - - - 
Ratlo sum 12E+01 4 4E42 

Sbeetlofl 



TABLE 5-18 
ROCKY FLATS OU6 

POND SEDIMENTS 
RBC SCREEN FOR IHSS 142.3 (A-3) 

M..tpuu 
COOCCE- - 

AB.lpte' or ActMty C d -  N- C- Noncudnogen 

0004 
0 063 
0 24 
0 37 
099 
0 25 
O S 4  
0009 
026 
046 
0 062 

1 653+03 
2 7 4 E W  - - 
5 493+03 

1 1 0 E W  
1 6SEW 

8 23E+03 
5 4 9 E W  

- 

- 

- 
2 7E#o 
42E-01 
223.02 
2 9E-03 

1 1E-04 
- 
- - - 

R8dlond# (pcva) 
Uranr~m-233,234 1 592 4 47E+01 - 3 6E-02 - 

Ratlo sum 3 2E#o 3 5E42 

Sheetlofl 



TABLE 5-19 
ROCKY OU6 

RBC SCREEN FOR IB[SS 142.4 (Ad) 
POND SEDIMENTS 

- 1 10E+02 - 3 8E-01 
hrpaier(ww 

ClUOIlUUm 23 8 - 2 74E+05 - 87E-05 
Antrmony 

VafMdIUm 57 7 - 1 92E+03 - 3 OE-02 
zlnc 169 - 8 2334-04 - 2 1E-03 

41 4 

Strontmn-89,90 18 2 4OEM1 - 7 5E-02 - 
Uraru~m-233,234 168 4 47EM1 - 3 8E-02 - 
U ~ U I - 2 3 8  1 67 4 6OEM1 - 3 6E-02 - 

- ~ ~ @ c i / g )  

Ratlo sum 17E-01 4 1E-01 

Sbeetlofl 

, 



TABLE 5-20 
ROCKY FLATS OU6 

RBC SCREEN FOR IHSS 142.5 el) 
POND SEDIMENTS 

0 021 
0 315 
0 39 
0 38 
1 1  

0 87 
3 1  
1 

4 6  
88 
1 9  

0 15 
0 18 
3 5  

046 
0 36 
0 015 
0 17 
0 39 
2 6  
0 29 
3 8  

0 13 
11 

10 
0 039 

961 
125 
345 
1270 

1 65EM5 
1 65EW 
2 74EW 
8 23EW - - - - 
1 1OE+O6 
5 49E+03 - - - 
1 1OEW 
1 1OEW 

1 6SE+04 

1 1OEW 

165E+05 
8 23E+03 

5 49EM 

- 
- 
- 

- 

192EtO1 
137EM2 

2 74E+05 
1 10EM 
137E+03 

1 3 m 7  
19E-05 
1 4 m 5  
4 6E.06 - - - - 
4 2E-06 
1 6E-02 - - - 
3 2E-04 
4 2E-05 

9 1E-07 

3 5E-05 

1 8 E 4  
46E-04 

2 OE-05 

- 
- 
- 

- 

5 2E-01 
2 8E-04 

3 5E-04 
1 lE-02 
25E-01 

- 8 23EW 133-02 

il 
she& 1 of2 



TABLE 5.20 
(ooacluded) 

Mui.pu 
Colrccrtntiolr - - 

Analyte' or ActMty Cvdaorea - N- Cueinorca Noncarcinogen 

-11m-241 389 4 2 37E+Oo - 1 6E*2 - 
Pl~W~~m-239,240 92 3 42E+Oo - 2 7EWl - 
Um~m-233,234 2s 22 4 47E+01 - 56E.01 - 
Umum-235 1302 173W1 - 7 5E+OO - 
U m ~ m - 2 3 8  43 09 4 6OE+O1 - 9 4E-01 - 

- ~ @ c u I )  

Ratlo Sum 3 4E+02 82E-01 

Sheet2d2 



TABLE 5-21 
ROCKY FLATS OU6 

RBC SCREEN FOR PONDS B-1 THROUGH B-5 
FOND SURFACE WATER(CTNFILTERED) 

Mdmum Rerldeati8I-g - - - 
And*' or ActMtg C- N- C- N- 

I , 2 - D I C h l O ~  0 0 0 1  7 20E-01 - 1 4E-03 - Oa=i-(llrJ4) 

1 , 2 - w -  0 003 2 533i-02 - 12E-05 - 
Aa(0lle 0 02 - 2 81E+03 - 7 1l3-06 
Chlorosorm 0 002 1 ma1 2 81E+02 1 9- 7 lE-06 
m-n-butyi phthlate 0 001 - 2 81E+03 - 3-7 
h4cthykmechlondt 0 034 8 73E+00 I 68E+03 3 9E-03 2 O M S  
TCtIaCbl- 0 012 126Ei-00 2 81E+02 9 sE-03 4 3E-05 
Tnchlorocthcne 0006 5 9sE+00 - 1 O M 3  - 
- ~ @ c u L )  
Uranr~m-233,234 3 569 2 29E+03 - 1-3 - 
umum-23s 0 %  2 29E+03 - 2 4- - 
Uracu~m-238 3 198 2 29E+03 - 1 4-3 - 

Ramsum 18E-02 7 m-05 



TABLE 5122 
ROCKY FLATS OU6 

RBC SCREEN FOR IESS 1426 (B-2) 
FOND SEDIMENTS 

Peahcidu/PCBa(m~ 
Aroclor-1254 

0 13 

0 12 
0 13 
0 062 
3 9  
9 

0 2  
0 4  
0 27 
0 33 
0 13 

o ai 

6 6  

207 
140 

23 1 
41 2 
956 

0 306 
7 42 

- - 
a m i  
a m 2  
amm 

a mtoi 

- 
4 57EMl 

- - - 
L 

a 323-02 

- - 

2 3 7 E a  
3 4 2 E m  
4 47EWl 
173E-01 
4 6OEW1 

- - 
14E-01 
1 SEW 
7 1E-03 

2 oE-01 
2 3E-03 

- 

- - - - 

7 9EM1 

- - 

9 7EW 
12Eto1 
2 1E-01 
1 aEm 
16E-01 

Ratlo sum 11Eto2 5 OE-01 

I 
Sbeetlofl 



TABLE 5.23 
ROCKY FLAT'S OU6 

RBC SCREEN FOR IHSS 142.7 (B-3) 
POND SEDIMENTS 

PtrticlaerlpcBs(mg/k@ 
Atoclor-1254 
&lor- 1260 

R8dionddd@cl/g) 
Amencl~m-24 1 
PlutorUum-239,240 
Uraru~m-233,234 
Uranr~m-235 
Uranr~m-238 

0 022 
0 14 
0 8  
0 17 
026 
077 
9 1  
0 51 
1 2  

0 03 
0 65 
12  

0 67 

2 9  
086 

68 5 
37 8 
240 
346 

63 07 
180 2 
7 843 

12 41 
o 4774 

- - - 
877E-01 
877E-02 
877E.01 
4 57E+01 
8 m+01 

8 S E N 1  
- 
- - - 

8 323-02 
8 32E-02 

- 
.) - - 

2 37E+00 
3 4 2 E m  
4 47E+01 
173E.01 
4 6OEtO1 

1 65E+05 
2 74EM 
8 23E+04 - - - 
5 49E+03 

1 10EM 
1 65EM 

8 23E+03 
5 49EW 

- 

- 

192E+01 
192EtO1 

1 lOE+02 
2 74E+05 
137Eto3 
8 23EW 

- - - - - 

13E-07 
5 1E-06 
97E-06 - - - 
17E-03 

1 1E-04 
18E-06 

1 a-04 
12E-05 

- 

.I 

15E-01 
4 5E-02 

6 2E-01 
14EM 
18E-01 
4 2E-03 

- - - - - 
Ratlo sum 13E+02 1 OEM 



TABLE 524 
ROCKY FLATS OU6 

RBC SCREEN FOR IHSS 142.8 (B-4) 
POND SEDIMENTS 

PerticidcJpcBs ( m m  
Mor-1254 
Gamma-BHc @mdanc) 

R8dioed& @Ci@ 
Amenclum-241 
Pl~tOnlum-239,240 
U ~ ~ - 2 3 3 , 2 3 4  
UWW-235 
u ~ ~ 1 - 2 3 8  

0 011 
0 59 
0068 
0 1  

0 43 
0 57 
1 5  

0 36 
0 36 
0 01 

5 
0 101 
0 65 
0 25 
1 4  

066 
0 01 
0 76 
1 2  

0 36 

11 
0 025 

26 1 
102 
3 19 

7 452 
24 09 
2 183 
0 143 
2 749 

- 
.I - 

877E-01 
877E42 
8 77E-01 

8 77EW 
2 21EM1 
4 57EtO1 

8 77EM1 

- 

- 
- - 

8 77E-01 
8 54Eto1 - - 

8 32E-02 
4 93E-01 

- - - 

2 37EW 
3 42EW 
4 47EM1 
173E-01 
4 6OEtO1 

1 653to5 
1 65EM 
2 7 4 E M  
8 23EM - - - - - - 
5 49EtO3 
5 49EW 

5 49EtO3 
1 1OEW 

1653+04 

8 23EtO3 
5 49EM 

- 

- 
- 

192EtO1 
8 23EtO1 

2 74EtO5 
137Eto3 
8 23EW 

- - - - - 

- - - - 
4 9E-01 
6 5E+00 
17EW 

4 1E-02 
4 5E-04 
11E-01 

7 4E43 

- 

- 
- - 

7 5E-01 
12E-04 - - - 

13EM1 
5 1 m 2  

- - - 

3 1 E W  
7 OEW 
4 9E-02 
8 3 M 1  
6 OE-02 

6- 
3 -5 
253-06 
1- - - - - - - 
9 1- 
18E-06 

4 6E-05 
13E-04 

6 1E-07 

1- 
6 6E-06 

- 

- 

5 7E-02 
3 OE-04 

9 5E-05 
7 4E-02 
3 9E43 

- - - - - 

..- 
I 



TABLE 525 
ROCKY FLATS OU6 

RBC SCREEN FOR IHSS 1429 (B-5) 
POND SEDIMENTS 

0 021 
0087 
0001 

1 1  
0 24 
0 19 
0 012 
0 16 
0 047 

1 6!WO5 
2 74EW 

5 49E+03 
5 49E+03 
1 IOEW 
1 653W 
8 23E+03 
5 49EW 

- 
13E-07 
32E-06 

2 oE-04 
4 4E-05 
17E-05 
7 3E-07 
19E-05 
863.07 

- 

Ratlosum 26E-01 2 S O 3  



TABLE 5-26 
ROCKY FLATS OU6 

RBC SCREEN FOR IESS 142.12 (WALNUT A D  INDIANA POM) 
POND SEDIMENTS 

Muirnr 

OrACtMty C- N a s e u r l . g r  C- Noneud.orea 
C- - - 

1 

2 - B w m  0 051 - 1 653+05 - 3 1E-07 
o-(ww 
Acetone 0 21 - 2 74E+04 - 773-06 
&munc aud 0 5  I 1 1 0 E a  - 4 m  
Bw*lb=YoP- 0 13 4 57E+o1 5 49E+03 2 8E43 2 4E-05 
Methylcncchlonde 0 02 8 54E+O1 1 6SEM 2 3 W  12E-06 
Phenol 0 11 - 1 65E+05 - 6 7E47 
Toluene 0 018 - 5 49E+04 - 3 3EM 

Ratlo Sum 3 1 M 3  3 4E-05 

S b e e t l d l  

, 



TABLE S27 
ROCKY FLATS OU6 

RBC SCREEN FOR WALNUT AND INDIANA POND 
SURFACE WATER("FILmRED) 

Ratlo sum - S OE-05 



TABLE 5-28 
ROCKY FLATS OU6 

UHSU GROUNDWATER (UNF'ILTERED) 
RBC SCREEN FOR WALNUT AM) INDIANA DRAINAGE (GW-5) 

M8simUm Rcddcrtw 
C- - - 

AErlyte' or ActMtp WdlID c- N- CUChOgtE Noncydnogen 
Om=i-(=rn 

I 

Methylene chlonde 
T o b  
B i s ( 2 ~ ~ 1 ) p h ~  

Ratbonuchde3 @CUI) 

PlutonlUm-239,240 

Stront1um-89,lW) 

Amenclum-24 1 

Radr~m-226 

0 01 0486 6 22E-03 173E+oO 
0 00013 41691 9 6 W 1  
0 003 0486 6 07E3-03 7 30E.01 

- 

117 
0 194 
0 008 
132 

0 0089 
0 0062 
0 247 
0 0811 
0 189 
0 0966 
3 19 

0 00072 
0 199 
0 0103 
0 931 
0 312 
0 665 

41691 - 
41691 - 
0486 4 86E-05 
41691 - 
41691 198E45 
41691 - 
0486 - 
41691 - 
41691 - 
41691 * 

0486 - 
41691 - 
41691 . 
41691 - 
41691 - 
41691 - 
41691 - 

- 
1463-02 
1 09E-02 
2 5 6 E m  
182E-01 
1823-02 
3 65EM1 

146E+Oo 

1-1 
1 WE42 
7 30E-01 
182E-01 
2 19E+O1 
256E-01 
109EM1 

- 
- 

3 2  4 169 1 19-1 . 
2 204 41691 2 o m 1  - 
11 41691 3 9 m 1  - 

1044 0486 1 44E+OO - 

1 6Em 58E-03 - 13- 
4 9E-01 4 1E-03 
2 lE+oO 1 OE-02 

- 
13EM1 
7 3E-01 
5 2E-01 
4 9E-02 
3 4E-01 
6 8E-03 

13E-01 
(. 

- 6 1E-02 
6 1EM2 3 4E+01 

16Ei-01 - 
11EM1 - 
2 8E+00 - 
7 3E-01 - 
3 OEM1 - 

S h e d l d l  



I '  TABLE $29 
ROCKY FLATS OU6 

RBC SCREEN FOR NORTH WALNUT CREEK DRAINAGE 
STREAM SEDIMENTS 

Muirpr 
C - h t h  - Ratio of co ncentratio atoRBC 

And*' or M M i y  CWCiOOtU - NoacUringea Cyeinoge n Nonc8rcinoga1 
O V ( w 4 0  
Acctonc 0 063 - 2 74E+04 - 2 3E-06 - 1 3 E W  0 11 877E-02 

1-1 
Benzoowrtnt 

0 14 877E-01 - 
Benzoic aud 0 51 - 1 1OEtO6 - 4-7 
Benzoofluorantheae 

0 19 4 57EM1 5 49EM3 4 m 3  3 5E-05 
0 1  8 77EM1 - 11E-03 - w 2 * w l P -  

Fluorantbtac 0 18 - 1 10EM - 1 a 4 5  
chrysene 

Methylene chlondc 0 007 8 54E+01 16SE+04 8 2E-05 4 2 W 7  
PhCllallthlWE 0 11 - - - - 
w= 0 16 - 8 23EM3 - 19E45 

- - 

S ~ l o f l  



TABLE ?uo 
ROCKY FLATS OU6 

RBC SCREEN FOR SOUTH WALNUT CREEK DRAINAGE 
STREAM SEDIMENTS 

Ratlo sum 6 9 E W  2 3E-04 



TABLE 5-31 
ROCKY FLATS OU6 

RBC SCREENFOR WALNUTAND INDIANA EFFLUENT 
STREAM SEDIMENTS 

Ratlo sum 3 7E-03 3 3E-05 



TABLE 5-32 
ROCKY FLATS OU6 

RBC SCREEN FOR UPGRADIENT OF OU6 
STREAM SEDIMENTS 

0 065 
0 17 
0 2  
0 2  

0 074 
0 13 
0 12 
0 18 
0 07s 
0 38 
0066 
0 26 
0 35 

1 65EW - - - - 
1 1 0 E m  
5 49EW 

2 74EW 
1 1OE+O4 

- 

- - 
8 23EM3 

- 
19E-01 
2 3E+OO 
2 3E41 
8 4E43 - - 
2 1E-03 - - 
7 53-02 - - 

Ratlo sum 2 8E+OO 82E-05 

Shadlof l  
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TABLE 5-33 
ROCKY FLATS OU6 

DRY SEDIMENTS 
RBC SCREEN FOR NORTH W A L "  CREEK (A-SERIES PONDS) 

0 19 
026 
0 4  
0 11 
0 17 
0 35 
0 23 
056 
0 11 
0 29 
0 37 

0 013 

22 8 
0 18 
25 2 
69 7 
293 

0 43725 
4444 

1 1OEW 
8 23EM1 
5 49E+03 
1 6SE!+05 
8 23E-W 

2 2E-01 
3 OE+OO 
4-1 

19E42 
77E-03 
263-03 

13E-01 

- 

- 
- - 

18E-01 
1 3 E W  

2 1E-03 
2 2E-03 
4-3 
423-04 
3 6E-03 

Sbbcr ld l  



TABLE 5-34 
ROCKY FLATS OU6 

RBC SCREEN FOR SOUTH WALNUT CREEK @-SERIES PONDS) 
DRY SEDIMENTS 

Aanaphthare 
Anthracene 

0 1215 
0 17 
028 
0 38 
0 5  
0 15 
0 18 
0 35 
046 
0 9  
008 
0 19 
0 12 
0 72 
0 61 

26 4 
92 4 
286 

1293 
3 095 

1 65EW 
8 23EW - - - - - - 
2 20E+05 
1 1OEW 
1 10EW 

1 10EM 

8 23E+03 

- 
- 

5 49E+03 
1 65E+05 
8 23EW 

- - 

- - 
3 2E41 
4 3E+00 
5 7E-01 

2 1E-02 
4 OM3 

- 

- - - 
2 2E-01 - - - 

- - - 

s 5 w 1  
9 OE-01 

7 4E-06 
2 1E-06 - - - 

- - 
2 1E-06 
8 2E.05 
7 3E-M 

1 1E-05 

7 4E-05 

- 
- 

4 8E-03 
5 0 4  
3 5 w 3  

- - 

S h e t l o f l  
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I 6.0 

CDPEE CONSERVATIVE SCREENING DECISION CRITERIA 

The results of the nsk-based screen are compared to decison cntena to help identirjr an 
appropnate course of -on for each mdum in each source area The decision cntetna are 
as follows 

If the rabo sum 2 100, a voluntary correctwe amon (or early action) may be 
initrated or a baseline "RA wll be performed 

0 If 1 < r a o  sum < 100, a baseline HHRA must be conducted 

0 If rmo sum s 1, no furdrer -on may be required pendmg evaluation of 
applicable or relevant and appropnate regulabons (ARARs) or potential nsk 
from dermal exposure 

6.1 DERMAL EXPOSURE EVALUATION 

In cases where the rabo sum is less than 1 for a source area, the potential nsk from dermal 
contact wth soil or Ament  was evaluated to ensure that cumulatrve nsk, includmg dermal 
exposure, would not exceed a level of concern (ratro sum > 1) RBCs for dermal contact 
wlth soil or sehment were calculated assuming resdentral exposure The RBCs for 
carcinogens were calculated assuming a target excess lifefime cancer nsk of  loa, exposed 
skin surface area (SA) of 2,910 cm2 (approxtmately eqluvalent to hands, face, and forearms), 
absorpbon factors (AB) of 0 001 for metals and 0 01 for organics, a soil adherence factor of 
0 5  mg/cm2, an exposure frequency (EF) of 350 daydyear, exposure duration (ED) of 30 
years, body weight (BW) of 70 kg, and averagmg ame (AT) of 25,550 days (70 years) and 
a unit conversion factor (CF) of lo4 kg/mg In calculatmg RBCs for noncarcinogenic effects, 
all of the exposure parameters are the same except the averagmg trme is 10,950 days (30 
years) and the target hazard index of 1 replaces the target excess lifetrme cancer nsk The 
intake factor equation for dermal contact is 

(4047-314-0017-173) @lSK 6) (10.28-94 4 39pll) (1) 6- 1 



The dermal evaluabon is performed only for those organic chemicals and metals that 
contnbute most significantly to the carcinogenic and noncarcinogenic total -0s calculated 
in S-on 5 0 If the carcinogenic and noncarcinogenic &os for dermal contact wth 
chemicals in soil and sedtment are less than 1 and when added to the raos for other soil and 
sedlment exposures do not result in a rabo sum greater than 1, the source area is a candrdate 
for no further m o n  pendmg an ARARs rewew If either the carcinogenic or 
noncarcinogenic rat10 for dermal contact to chemicals in soil or sedlment is greater than 1, 
or when added to the raos  for other soil or sedtment exposures result in a rabo sum greater 
than 1, the source area wll be retamed for further evaluation 

Quanbfiaon of nsk from dermal contact wth carcinogenic PAHs in soil is considered 
inappropnate because of the uncertambes associated wth esbmabng carcinogenicity for 
chemicals that can cause cancer at the point of contact (EPA 1989) Therefore, PAHs were 
not included in the evaluatron of dermal exposure Dermal absorpaon of rdonuclides is also 
not quanafied because "dermal uptake is generally not an important mute of uptake for 
rdonuclides, which have small dermal permeability constants" @PA 1989) 

Six source areas had r a o  sums < 1 for soil or sedrment and either no other significantly 
contaminated m d a  associated wth them, or contaminated groundwater that wll be addressed 
separately These source areas requrre a dermal exposure evaluaon before they may be 
considered can&dates for no further m o n  The dermal exposure evalua$on for IHSSs 166 1- 
3, IHSS 167 3, IHSS 142 4, MSS 142 9, MSS 142 12, and MSS 216 1 is shown on Table 
6-1 The dermal exposure evaluatron demonstrates that the nsk from dermal exposure is 
insignificant and that these MSSs may be canddates for no further -on 

6.2 APPLICATION OF DECISION CRITERIA TO SOURCE AREAS 

Each source area was classified as a canddate for no further m o n  or for further evaluatton 
based on the results of the CDPHE conservatwe screen The rabonale for the classificabons 
of the source areas is descnbed in the followng w o n s  

(4047-814-0017-873) (RISK 6) (10-21-94 4 39pr) (I) 6-2 
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6.2.1 Candida- for No Further Action 

The followng IHSS is a candidate for no further -on based on negligible soil 
contaminafion (r-0 sum 1) f i s k  from dermal exposure was found to be insignificant 
No groundwater is associated wth this MSS 

IHSS 216 1 East Spray Field 

The IHSSs listed below had negliHble soil or ssdtment contamm&on (soil or sedtment ratro 

sums were 1) and nsk from dermal exposure was found to be insignificant Furthermore, 
the MsSs are not considered sources of contaminaon to groundwater because (1) soil or 

shment  contaminant levels are so low that measurable impacts on groundwater are unlikely, 
(2) other sources of groundwater contamination are ewdent or suspected, or (3) mmmum 
concentr-ons of PCOCs in the groundwater area under evaluation were observed at sampling 
locatrons remote from the IHSS and there is no ewdence of contaminant migratron to the 
IHSS Therefore, these IHSSs are canddates for no further -on based on negligrble soil 
or sdmant  contaminatlon and absence of MSS-related groundwater contaminatlon 
Groundwater is expected to be a d d r d  through other mechanisms, as indrcated below 

IHSS 1429 Pond B-5 

MSSS 166 1-3 Trenches Address groundwater in OU7 
Former IHSS 167 3 South Spray Field Address groundwater in OU7 
IHSS 1424 Pond A-4 Address area 2 groundwater 

contaminaon wth the other A-senes 
ponds being evaluated in the baseline 
HHRA 
Address area 3 groundwater 
contamination wth the other B-senes 
ponds being evaluated in the baseline 
HHRA 

Walnut and Address potenfial groundwater 
Indma Pond contamindon at Indlana Street wells in 

the RFYRI report 

MSS 142 12 

(404741~17473) (RISK 6) (10-21-94 4 34.1) (I) 6-3 



6 3 3  Source Areaa for Further Evaluation 

The followng IHSSs wll be evaluated further in the baseline HHRA because the rmo sums 
for soil or sedrment exceeded 1, assuming long-term residantral exposure to maxlmum 
detected concentrmons in soil or sedrment at the IHSS The ratio sums for groundwater also 
exceeded 1 (and in most cases exceeded loo), but these MSSs are probably not the source 
of groundwater contammaon Nevertheless, groundwater exposure wll be included in the 
baseline HHRA No groundwater is associated wth IHSSs 156 2 and 167 1 

IHSS 141 Sludge Dispersal Area 
MSSs 142 1, 142 2, and 142 3 Ponds A-1, A-2, and A-3 
MSSs 142 5, 142 6,142 7, and 142 8 Ponds B-1 through B-4 
I H S S  156 2 Soil Dump Area 

IHSS 165 Tnangle Area 
IHSS 167 1 North Spray Field 

6.23 Trrmafer to OU8 

I H S S  143, the Old Outfall, is located in the industrrallzed pornon of the plant, remote from 
other OU6 IHSSs, which are located outsde the protected area and in the buffer zone 
Because of its locatron, MSS 143 is proposed for transfer to OU8, wh~ch includes IHSSs in 
the industrralized area 

( W 7  314-0037-873) (RISK 6) (1&2l-94 43m) (1) 6-4 
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7.0 
DELINEATION OF AREAS OF CONCERN AND 

IDENTIFICATION OF MAXIMUM EXPOSURE AREAS 

1 
I 
I 

I 
I 

AOCs are defined as one or several source areas that are in close proxlmity and can be 
evaluated as a unit in the "RA that wll be included m the RFYRI Report for OU6 A 
baseline HHRA wll be conducted for each AOC, focuslng on the area of mmmum 
contamin&on (mmmum exposure area) wthin each AOC To assess health n& associated 
wth hypothetd on-ate residenhal use, a neighborhood exposure area of 10 acres has been 
agreed upon by CDPHE, EPA, and DOE Larger exposure areas apply to other potentd 
receptors, i e ,  an office worker (30-acre industnal park) and ecologrcal researcher (SO-acre 

study -9 

This s m o n  descnbes the AOCs for OU6 and the l o a o n  of the 10-acre residentral exposure 
area that captures the mllxlmum contaminant levels in each AOC 

7.1 DELINEATION OF AOCi 

Eighteen source areas were identrfied in OU6 Of these 18 source areas, 6 source areas are 
eliminated from further evalwon in an HHRA because they passed the CDPHE consenratwe 
screen for residentral exposure to soil or sedrment and they are not sources of groundwater 
contaminatron These six source areas are IHSS 166 (Trenches A, B, and C), former IHSS 
167 3 (South Spray Field Area), MSS 142 4 ( A 4  Pond), MSS 142 9 (B-5 Pond), IHSS 
142 12 (Walnut and Indana Pond), and IHSS 216 1 (East Spray Field) These MSSs were 
not included in the delinaon of AOCs for the HHRA IHSS 143 (Old Outfall) is also 
excluded from further evalwon in the OU6 "RA because it is proposed to be transferred 
to OU8 

The remcuning 11 source areas can be grouped into four AOCs based on close proxlmity and 
similanty of exposure medm, as descnbed below The four AOCs are shown on Figure 7-1 

AOC No 1 is IHSS 167 1 (North Spray Field) This source area is spatrally separated from 
the other source areas that warrant further evaluatron AOC No 1 is shown in Figure 7-2 

(4047-tlC0021-875) (RISK 7) (1&31 94 IO-) (I) 7- 1 
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soil sampling lo&ons associated wth this IHSS wll be used in the baseline "RA for 
evaluatmg hypothetrcal residenbal exposures in this AOC (shown on Figure 7-2) Other 
exposure scenanos, if evaluated, wll be assessed using the same data set 

AOC No 2 includes IHSSs 165 (Tnangle Area), 141 (Sludge Dispersal Area), and 156 2 (Soil 
Dump Area), as well as contaminated groundwater co-located wthin the Tnangle Area and 
Sludge D~sQersal A m  The greatsst soil contaminatron is wthin the Tnangle Area, as 
demonstrated by the relame magnitude of the soil and groundwater rata0 sums for these 
MSSs (Table 5-1) Therefore, the Tnangle Area, which is apprommately 10 acres, is selected 
as the mlwmum exposure area for a hypothetrcal long-term resrdent in AOC No 2 (shown 
on Figure 7-3) The greatest groundwater contaminatron in AOC No 2 is not associated wth 
the Tnangle Area, which is in groundwater area 4, but rather in groundwater area 3, 
specifically well 3586, which is upgrdent of the Sludge Dispersal Area As a consematwe 
measure, data from groundwater samples collected wthin the cnbre AOC No 2 wll be used 
in the baseline HHRA for this AOC Figure 7-3 also shows 30- and 50-acre gnds for the 
industnal worker and ecologcal researcher exposure scenarios 

AOC No 3 includes Ponds A-1, A-2, and A-3 The combined area of these MSSs is roughly 
10 acres and the three ponds are consrdered together in the exposure assessment All 
sdment data (pond, stream, and dry), as well as surface water and groundwater data 

collected ftom sampling locat~ons wthin the North Walnut Creek dramage contruning these 
ponds wll be d in the baseline HHRA for this AOC However, in the HHRA, long-term 
residentd or industnal use may not be consrdered a reasonable rnaxlmum exposure scenano 
for ponds, since constnrctron cannot occur in the dramages Since the ecologd researcher 
is a more reasonable mlwmum exposed indmdual, a 50-acre gnd is shown on Figure 7-4 

AOC No 4 includes Ponds B-1 through B-4 These ponds together are designated as the 
mlwmum exposure area, and wll be evaluated as described for A-senes ponds in AOC 
No 3 The 50-acre gnd for Ponds B-1 through B-4 is shown on Figure 7-5 

(40474lcooZl475) (RISK 7) (1&31-94 11 47m) (1) 7-3 
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ATI'ACRMENT 1 
BACKGROUND COMPARISON SUMMARY TABLES 

The followng tables summanze the results of the S t a t r s t d  background companson for 

metals and radronuclides in surface soil, subsurface soil, pond serllment, stream sedment, 
pond surface water (unfiltered samples) and UHSU groundwater (unfiltered samples) The 
background compgnson IS used to idenbfy inorganic potentd chemicals of concern (PCOCs) 
for further evalu&on in assesang nature and extent of contammaon and in selectmg 
chemicals of concern for nsk assessment A PCOC is a metal or rdonucltde that either (1) 
is shown to be significantly above background levels by one or more of four statw&cal tests 
(Slippage, Quantde, Gehan, or t-test) or (2) has one or more results exceedmg the 99% upper 
tolerance limit (vn) of the background data PCOCs are selected on an OU-wde basis, 
pooling all analybcal results for each mehum sampled 

The background compmson methodology is descnbed in more detarl in Cirlbert (1993) and 
DOE (1994) 

Reference 

Glbert, KO 1993 Letter report recommendmg process for companng Rocky Flats site 
analflcal results to background concentrattons &chard Glbert, Batelle Pacific 
Northwest Laboratones, to Beverly Ramsey, Systematx Management Semces, Inc 
July 30 

U S Department of Energy (DOE) 1994 Technical Memorandum No 4, Chemicals of 
Concern, Human Health &sk Assessment, Walnut Creek Pnonty Drrunage, Operable 
Unit No 6 Rocky Flats Enwonmental Technology Site Golden, Colorado 
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A'ITACHMENT 1 
TABLE LEGEND 

uTL9999 

NGUTL 
PCOC 

Number of background samples 
Number of site samples 
Detectton fiequemcy in background samples 
Detecbon fiequency in ate samples 
p-value, Slippage test 
p-value, Quantrle test 
p-value, M a n  test 

p-value, Student's t-test 
Significant difference from background based on formal stat~strcal tests 
(p 5 005) 
percent upper tolerance limit of background data at the 99 percent confidence 
level 
Number of site sample results > UTL99 
Potentd chemical of concern 
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VOLATILE ORGANIC COMPOUNDS (IHSSS 166 1-166 3) 
SUBSURFACE SOILS 
ORGANIC COMPOUNDS ARE 1 (UNNAMED TRIBUTARY 
DRAINAGE) UHSU GROUNDWATER 

TOLUENE (IHSSs 167 1 AND 167 3) SUBSURFACE SOILS 
SPECIFIC ORGANIC COMPOUNDS ACETONE AND 
METHYLENE CHLORIDE AREA 1 (UNNAMED TRIBUTARY 
DRAINAGE) UHSU GROUNDWATER 
ORGANIC COMPOUNDS AREA 2 (NORTH WALNUT CREEK 
DRAINAGE) UHSU GROUNDWATER 
METHYLENE CHLORIDE AREA 2 (NORTH WALNUT CREEK 
DRAINAGE) UHSU GROUNDWATER 
CHLOROFORM AND T R I C " E N E  AREA 2 (NORTH 
WALNUT CREEK DRAINAGE) UHSU GROUNDWATER 

SPECIFIC VOCS 2=BUTANONE, METHYLENE CHLORIDE, AND 

SPECIFIC ORGANIC COMPOUNDS 2-BUTANONE, ACETONE, 
BIS( 2-ETHYLHEXY L)PHTHALATE, BUTYL BENZYL 
PHTHALATE, DI-n-OCTYL PHTHALATE, METHYLENE 
CHLORIDE, AND TOLUENE (IHSSS 1421-1424) POND 
SEDIMENTS 
ORGANIC COMPOUNDS AND PESTICIDES/PCBs (XHSSS 142 1- 
142 4) POND SEDIMENTS 
ORGANIC COMPOUNDS AREA 3 (SOUTH WALNUT CREEK 
DRAINAGE) UHSU GROUNDWATER 
UNFILTERED METALS AREA 3 (SOUTH WALNUT CREEK 
DRAINAGE) UHSU GROUNDWATER 
SPECIFIC ORGANIC COMPOUNDS 2-BUTANONE, ACETONE, 
BIS( 2-ETHY LHEXYL)PHTHALATE, BUTYL BENZYL 

CHLORIDE, TOLUENE (MSSS 142 5-142 9) 
ORGANIC COMPOUNDS AND PESTICIDESh'CBs (IHSSS 142 5- 
142 9) PONDS SEDIMENTS 0'-2' DEPTH 
ORGANIC COMPOUNDS AND PESTICIDESRCBs (IHSSS 142 5- 

PHTHALATE, DI-n-BUTYL PHTHALATE, METHYLENE 

142 9) PONDS SEDIMENTS 2 ' 4  DEPTH 
ANALYIE ABBREVIATIONS, LABORATORY AND VALIDATION 
QUALIFIERS 
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